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Education is a powerful means by which to explore key development issues of the time with a 
view to taking action for positive social change. The inclusion of sustainability themes in the 
Junior Cycle Framework, and specifically within the Junior Cycle Science Specification is 
indicative of the potential that exists to consider sustainable development from personal, local 
and global perspectives within the teaching and learning of science. It is important that post-
primary science teachers are equipped with the knowledge, skills and attitudes required to 
teach for justice and sustainability in a manner that is consistent with the nature of science 
(NOS) as it is understood within the academic discipline. This research explores the NOS as 
an academic discipline as it is lived and perceived within the teaching of an undergraduate 
Science Education programme in a Higher Education Institution (HEI). In doing so, it 
provides recommendations for the integration of Education for Sustainable Development 
(ESD) into teaching on that programme. Using ethnographic principles and perspectives the 
study looks at the structure, culture, values and ethics associated with science within the 
educational setting. Drawing upon interviews with 11 teacher educators, focus groups with 21 
pre-service teachers and observations from lectures, laboratory sessions and field trips, this 
research provides an account of how science is perceived, enacted, communicated and taught 
within the programme. When mapped in parallel with literature on the nature and structure of 
ESD, it allows for the generation of recommendations on how ESD might be integrated in an 
appropriate and organised way.  
Analysis of data involved iterative reviews, categorising and coding, and resulted in the 
emergence of three key themes associated with the research question and with a strong 
bearing on considerations for integrating ESD. The first focused on the “Structure and Nature 
of Scientific Knowledge”, showing it to be vast, expansive, changing and categorised into 
numerous sub-disciplinary areas. It is presented to pre-service teachers in a manner that is 
general, diluted, strongly framed and largely prescriptive, with a focus on content knowledge 
rather than skills development. Challenges to teacher educators include the packaging of 
knowledge in a form that is comprehensive but not excessive, students’ compartmentalisation 
of knowledge, students’ assessment focus and the intensive nature of the programme. The 
second theme highlighted the “Culture of Science” within the research context, showing 
particular ways of thinking, talking, being, doing and communicating. It showed only partial 
enculturation of pre-service teachers in comparison to their postgraduate counterparts, with 
limited exposure to independent inquiry and the day-to-day challenges of being a practicing 
scientist. The third dominant category to emerge was “Science and Society”, which reflects 
ways in which science influences and is influenced by society and includes varying 
viewpoints on the place of ethics, morals and socio-scientific issues (SSIs) in science and 
science education.  
The study provides a number of recommendations for the integration of ESD into the Science 
Education programme. These included enhancing ESD themes in existing modules; reducing 
content knowledge and prescriptive approaches; placing a greater emphasis on inquiry-based 
learning and Problem-based Learning (PBL) for ESD; including SSI in science teaching; 
developing a stand-alone Science in Society module; and adopting a department wide 
strategy that promotes ESD.  
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Chapter 1 Introduction 
Background 
We live in a world of vast inequality and unsustainability. Arising from the drive of 
capitalism, competition and consumerism, societies across the globe face complex and 
interconnected economic, social and environmental challenges, including poverty and 
inequality, the exploitation of people, environmental degradation, human migration and 
political tension (Sachs 2015; Daly et al., 2016).  
Climate change is arguably one of the greatest challenges facing humanity today (Schneider 
2011; IPCC 2013). As its impacts becoming increasingly visible, the Intergovernmental Panel 
on Climate Change (IPCC) warns of the importance of curbing greenhouse gas emissions to 
limit global temperature rises to 1.5 degrees Celsius above pre-industrial levels (IPCC 2018). 
Arising from the Conference of the Parties (COP) meeting in December 2015, the Paris 
Agreement committed nations to significantly reducing carbon emissions by 2030. Achieving 
the ambitious European Union (EU) target of a 40% reduction in carbon emissions from 1990 
levels will have serious implications for the Irish economy, with changes needing to take 
place particularly in transport, electricity generation and, most significantly, agriculture 
(McGee 2015). Despite current and planned policies and measures to reduce emissions in line 
with the binding EU 2020 targets, Ireland will fall short by between 45% and 70% 
(Environmental Protection Agency 2016). There are no simple solutions to the problems 
posed by climate change. The shift to a low carbon economy is just the start. The target for 
2050 is carbon neutrality and potentially, according to the National Centre for Atmospheric 
Research in Colorado, a planet with negative emissions may be necessary beyond 2085 
(Sanderson et al., 2016). 
Poverty is another consequence of development. Extreme poverty remains high in low-
income countries and those affected by conflict and political unrest. In 2015, 736 million 
people lived on less than $1.90, many of whom were located in sub-Saharan Africa (UN 
2019). According to Central Statistics Office (CSO) figures, just over 8% of the Irish 
population, almost 400,000, were living in consistent poverty in 2013 (O’Brien 2015), while 
72.7% of net wealth is held by the top 20% of the population (Staunton 2015). In September 
2019, Focus Ireland (2019) estimated that 10,397 people in Ireland were homeless, with this 
figure rising steadily.  
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In the year ending 2018, the United Nations High Commissioner for Refugees (UNHCR, 
2018) estimated that almost 70.8 million individuals had been forcibly displaced from their 
homes due to persecution, conflict, violence or human rights violations. Europe struggles to 
manage the movement of refugees across its borders. The Irish Resettlement and Relocation 
Programmes (Department of Justice, 2015) struggle to find appropriate accommodation and 
support services for those arriving on Irish shores. Ireland has also been criticised for the 
rigidity of its Direct Provision services for asylum seekers and the lack of opportunities they 
provide (Irish Refugee Council 2016; Nasc 2016).  
Internationally, the drive to address sustainability and inequality issues arising from 
development has been going on for some time (United Nations 1973; UNESCO 1978; 
WECD 1987; UNESCO 1992; UNESCO 2002).  The United Nations (UN) Millennium 
Development Goals 2000-2015 (MDGs) identified eight critical areas for international 
attention. The subsequent UN Sustainable Development Goals 2015-2030 (SDGs) laid out 17 
critical challenges to a more sustainable future, including climate change, poverty, health, 
energy provision and equality. The goals are promoted as being universal (Long 2015), with 
their principles, standards and values applicable to all people in all countries, and, as such, all 
nations are required to take seriously their commitments to addressing them (UNEP 2015).  
Signatories of the 2030 Agenda for Sustainable Development have taken action to integrate 
the goals and targets into their national development plans and to align policies and 
institutions behind them with a view to bringing about change. 
The UN recognises that education is a central component for achieving the SDGs. While 
education and training permeates all the goals, as a sub-target of the ambitious SDG Goal 4 
on Education, Target 4.7 emphasises the importance of education for sustainable 
development (ESD), stating that by 2030, countries must: 
ensure that all learners acquire the knowledge and skills needed to promote 
sustainable development, including, among others, through education for sustainable 
development and sustainable lifestyles, human rights, gender equality, promotion of a 
culture of peace and non-violence, global citizenship and appreciation of cultural 
diversity and of culture’s contribution to sustainable development (United Nations 
2015, p.19). 
 
ESD may be defined as a dynamic concept and a vision of education that seeks to empower 
people of all ages to take personal responsibility for creating a sustainable future (UNECE 
2005; UNESCO 2005, 2014a).  
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Given the complexity and interconnectivity of development issues, all academic disciplines 
and educators can play a role in building the critical consciousness (Freire 1972) of their 
students and teaching for justice and sustainability. This approach, known as the Strengths 
Model, ensures a wider, interdisciplinary approach, but also requires that educators have the 
capacity to pull together the disciplinary and pedagogical pieces to form a comprehensive 
ESD programme (Hopkins et al., 2005). 
 
Rationale for the Research   
Opportunities exist within the teaching and learning of science to support the learner to 
engage and reflect upon global development issues through the lens of science. Teachers of 
science and teachers of pre-service science teachers have a responsibility to ensure that the 
SDGs feature strongly in their teaching. They also have a responsibility to ensure that science 
education affords its students the space to reflect upon development issues in a scientific way, 
with a particular focus on scientific inquiry, evidence-based learning and engagement in 
socio-scientific debate.  
Many of the core concepts and methods in science align closely with development and the 
SDGs. Scientific areas such as immunology, medicine, ecology, genetics, horticulture and 
agriculture provide an important context and basis for considering development issues. 
Scientific approaches to thinking and inquiry also build important skills for interrogating 
development issues. As science is a key driver of development, it contributes greatly to 
enhancing our lives in many ways. However, it also poses potential risks through deliberate 
misuse, accident or unintended consequences. The teaching of science must be cognisant of 
this. 
The rationale for this research is to enhance understanding of how ESD might be integrated 
into the teaching of science in Initial Teacher Education (ITE) programmes. The research 
looks specifically at the opportunities and possibilities for the integration of ESD issues, 
debates and pedagogical approaches into the teaching of a Science Education programme in a 
Higher Education Institution (HEI). It works directly with teacher educators of sub 
disciplines relating to biological science in the four-year undergraduate programme, to 




Overview of Research Topic 
Irish educational policies have previously been criticised for their bias towards economic 
objectives, and as such, for moving the focus of education from the development of the 
individual to the service of the economy (Hannan 1991; Lynch et al., 2012). Hicks (2002) 
warns that the utilitarian and market-driven ethos of society is often at odds with the need to 
work towards a more just and sustainable world. Nussbaum (2010) criticises educational 
systems driven by economic needs as hindering the development of empathy in the learner, 
reducing their sympathy with the marginalised, and diminishing their capacity to deal with 
complex global problems.  
Education for social justice and sustainability is becoming increasingly more prevalent in 
Irish education and public discourse. The recent reform of the Junior Cycle has seen the 
inclusion of “Statements of Learning” that reflect moral reasoning, ethical behaviour and the 
balancing of social, environmental and economic considerations (NCCA 2015). Cross-
governmental initiatives have promoted Development Education (DE) (DFAT 2017) and 
ESD (DES 2014; DCCAE 2018). On an international scale, “global competence” has been 
included in the Organisation for Economic Co-operation and Development (OECD) 
Programme for International Student Assessment (PISA), based on the importance of 
supporting young people to:  
understand the world beyond their immediate environment, interact with others with 
respect for their rights and dignity, and take action towards building sustainable and 
thriving communities (OECD 2018, p.167). 
 
Greater attention internationally (Lederman et al. 2002; Zeidler et al., 2005; Kelly and 
Erduran 2018) and in Ireland (NCCA 2015) is being placed on the teaching of the nature of 
science (NOS) in the classroom, supporting the learner to engage in the practice of science 
from inquiry and discovery perspectives. Argumentation as a means to enable to learner to 
construct evidence-based positions and communicate them is a feature of science education 
(Duschl and Osborne 2002; Erduran and Jiménez-Aleixandre 2007). This is particularly 
relevant for the teaching of socio-scientific issues (SSI), which are central to building our 
understanding of the complex development issues of the time.  
Teacher education continues to undergo change, with greater emphasis placed on the teacher 
as researcher, teacher as inquirer and teacher as reflective practitioner (Sahlberg et al., 2012; 
Teaching Council 2014; Hall et al., 2018). In light of the professionalisation of teaching, 
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teacher education is seen across the continuum from initial education through to induction 
and in-service. With the support of the Ubuntu Network (2019) in post-primary ITE and 
WorldWise Global Schools (WWGS) (2019) in post primary-schools, pre-service and 
practising teachers are supported to teach for social justice and sustainability.    
This research seeks to better understand how science is taught and experienced within a 
particular Science Education programme in a HEI, in order to provide insights into how ESD 
can be more effectively integrated. The data collection focuses primarily on interviews with 
teacher educators, as they are responsible for shaping and delivering the Science Education 
programme. It also elicits pre-service teachers’ perspectives through focus groups and draws 
upon observations of pre-service teachers in their learning environments. A framework for 
data collection considers science through a number of lenses, specifically the structure and 
nature of scientific knowledge; the culture of science as a discipline; and the place of values, 
ethics and society in science.  
The structure and nature of scientific knowledge explores scientific literacy, scientific 
inquiry, the NOS and the organisation and classification of knowledge. It considers how 
scientific knowledge is created and shared. It reflects on how knowledge is developed among 
pre-service teachers, and the types of knowledge that are valued in teaching and learning in 
science education. The culture of science explores embodied behaviours, ideas, beliefs, 
values, symbols and knowledge within the research environment. Questioning and 
observation seek to determine the norms of practice, being and communication. The research 
considers the extent to which pre-service teachers are enculturated into science, given their 
parallel study of science and education. In relation to ethics and values, the data collection 
seeks to determine the place of ethics in science, as perceived by teacher educators, as well as 
how morals and social responsibility can be taught through science.  
Research Aim and Question 
This research seeks to provide recommendations for the integration of ESD into the teaching 
of a concurrent, undergraduate Bachelor of Science Education programme at a HEI. This 
programme supports the development of teachers of science in post-primary educational 
settings. Informed by ethnographic principles and perspectives, it seeks to understand the 
nature of the provision of Science Education through a triad of data collection methods 
involving teacher educators, pre-service teachers and the observation of teaching and 
learning. As such, the underlying research question is: 
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How does the lived nature of science as an academic discipline, in the 
context of the Science Education programme, support and/or challenge the 
embedding of ESD in teacher education? 
It is envisaged that the research will provide an insight into how science is perceived, 
enacted, communicated and taught within the Science Education programme and thus provide 
key insights into how ESD can be incorporated.   
The researcher is a graduate of a Science Education programme and a former teacher of 
science at Junior and Senior Cycle. She is coordinator of the Ubuntu Network, which is based 
in the School of Education at the University of Limerick (UL), and which seeks to integrate 
ESD into ITE. As such, she has a particular understanding of science as an academic 
discipline and the embedding of ESD in teaching. Accounting for her positionality within this 
research project, she undertook a number of activities to offset pre-existing views and bias, 
including member checking and journaling.  
Overview of the thesis 
This thesis is set out in six chapters. Chapter 1 provides a description of the project and 
outlines the research question and rationale for the research. Chapter 2 provides an overview 
of the methodological approach adopted for the research. It explains the research design and 
research methods used. It also provides an overview of the research participants and explains 
how the data was analysed to generate findings. Chapter 3 presents an overview of literature 
pertaining to the research. The chapter begins with consideration of ESD as a concept, 
including associated definitions, philosophy, competencies and pedagogies. It moves to a 
review of developments in teacher education, as relevant to the integration of ESD. It then 
gives consideration to science, with particular reference to scientific literacy, the nature of 
science, science as an academic discipline, science as a culture, and science education. 
Chapter 4 outlines the findings of the research in relation to the research question. In 
accordance with the outcomes of the data analysis, the findings are presented under three 
headings: (1) the structure and nature of scientific knowledge; (2) the culture of science; (3) 
science and society. Chapter 5 focuses on a discussion of key findings. It draws on the views 
of the research participants, as well as relevant literature to generate some key arguments for 
change in the Science Education course at programmatic, content and pedagogical level. 
Finally, Chapter 6 presents conclusions and recommendations on approaches to integrating 
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ESD into the teaching of Science Education on the undergraduate Science Education 
programme. This final chapter is followed by References and Appendices.  
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Chapter 2 Literature Review  
PART I - EDUCATION FOR SUSTAINABLE DEVELOPMENT 
Sustainable Development 
The concept of sustainability evolved during the 1970s, when international communities 
raised concerns about the impact of development on the natural environment. Such 
conversations dominated the 1972 UN Conference on the Human Environment (UN 1973) in 
Stockholm, where it was noted that, while technological and scientific advances had rapidly 
accelerated growth and development, they also had detrimental consequences for the 
wellbeing of the planet. It drew attention to pollution and the destruction of natural systems 
and resource depletion which, if left unchecked, would massively and irreversibly harm the 
earthly environment and consequently endanger wellbeing, quality of life and the future 
development agenda. In light of this, the Stockholm Declaration called for international 
agencies and governments to take responsibility for change. It urged each country to take 
action to safeguard and protect natural habitats and systems, to conserve natural resources 
and to prevent pollution. In parallel, it urged nations to facilitate scientific research that might 
identify, avoid and control environmental risks and problems (UN 1973). 
The issue of poverty in the developing world was raised as an inhibitor to sustainability. It 
was noted that developing countries were not in a position to react to environmental 
problems, as they faced more pressing issues of poverty, malnutrition and illiteracy (UN 
1973). The Tbilisi Declaration (1977) highlighted that poverty itself was causing 
environmental degradation and that it was not possible to prioritise the preservation of the 
environment over the necessity for development (UNESCO 1978). The World conservation 
strategy (1980) emphasised that development and biological conservation should be 
considered as being interrelated (IUCN et al., 1980). 
Developing countries also argued that their position was exacerbated by restrictive trade 
barriers and the exploitation of their natural and marine resources by more developed 
economies (UN 1973). The UN called for developed nations to support developing countries 
through the increased flow of resources, the provision of technologies, the transfer of 
financial resources  and improved trade relations (UN 1973). It urged developed countries to 
help reduce the gap between first and third world countries and stated in its principles that: 
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policies promoting or perpetuating apartheid, racial segregation, discrimination, 
colonial and other forms of oppression and foreign domination stand condemned and 
must be eliminated (UN 1973, p.4). 
 
The World conservation strategy (1980) again warned that without changes such as the 
removal of trade barriers, reform of the monetary system, and a code of conduct for trans-
national companies, both environmental conservation and development would be restricted 
(IUCN, UNEP et al., 1980). 
Arising from such dialogue, the term “sustainable development” was formally presented by 
the World Commission on Environment and Development, in its report entitled Our common 
future or the Bruntland report, in which it is was defined as:  
development that meets the needs of the present without compromising the ability of 
future generations to meet their own needs (WCED 1987, p.8).  
This concept of sustainable development means bringing equilibrium to three complex 
systems: (1) the world economy; (2) the global society; (3) the physical environment (WECD 
1987; Sachs 2015). It does not imply that economic development should be ceased or 
reduced, but rather, that it should be carried out in a way that benefits all society and without 
causing damage to the environment (WCED 1987). It aims to achieve prosperity for all 
within the limits of the carrying capacity of the earth and requires integrated decision-making 
that balances the economic and social needs of people with the regenerative capacity of the 
natural environment (Waas et al., 2011). It is an ethical and normative statement defined by 
moral imperatives to bring an end to the vast inequalities in the world, and to eliminate 
poverty, exclusion and inequality (Holden et al., 2018). Crucial to achieving sustainable 
development is good governance in corporate, local, regional, national, international and 
global contexts (Blewitt 2008; Sachs 2015; Güney 2017; Monkelbaan 2018).  
While the Bruntland definition is widely accepted (World Bank 1992; Blewitt 2008; Borowy 
2014), the term is also contested and controversial (Connelly 2002). Some argue that the term 
itself is an oxymoron, with sustainability referring to enduring, and development implying a 
change of state (Redclift 2005; Wall 2018). Others challenge it with the claim that economic 
growth is not sustainable, because it draws from natural resources that are limited and 
contributes to environmental deterioration (Repetto et al., 1989). Some say that the concept is 
too vague and ambiguous to be meaningful and that the economic pillar remains to the fore, 
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with a mere “green washing” mentality to address the concerns of environmentalists without 
bringing about real change (Jacobs 1999). It prompted many questions to be posed, for 
example, which people it refers to, what constitutes a need, and what constitutes a 
satisfactory standard (Kilinc and Aydin 2011; Borowy 2014). However, for some, the lack of 
precision of the concept allows sufficient flexibility to enable people with divergent interests 
and viewpoints to “buy in” (Wall 2018). 
Education for Sustainable Development 
ESD emerged from Agenda 21, an international framework for executing the ideas 
highlighted in Our common future. The framework was presented at the United 
Nations Conference on Environment and Development (UNCED) in Rio de Janeiro, in 1992. 
Chapter 36 of Agenda 21, entitled “Promoting Education, Public Awareness, and Training”, 
formed the basis of ESD, a starting point from which to plan and implement it as a concept 
(Tilbury et al., 2002).  It stated that:  
education is critical for promoting sustainable development and improving the 
capacity of the people to address environmental and development issues (UNCED 
1992,  p.2).  
 
Within Agenda 21, the responsibility for implementing ESD fell to each signatory nation, 
while UNESCO was made lead agency to support nations and organisations in ESD (Tilbury 
et al., 2002). 
As a concept, ESD empowers learners to make informed decisions and to take responsible 
actions for environmental integrity, economic viability and a just society, for present and 
future generations, while respecting cultural diversity. It is about lifelong learning and is an 
integral part of quality education (UNESCO 2014d). The Bonn Declaration described ESD as 
a “life-saving measure” for future enabling people to make changes to more sustainable ways 
(UNESCO 2009, p.1).  
ESD encourages changes in knowledge, skills, values and attitudes that enable citizens to 
lead healthy and fulfilled lives, make informed decisions, and respond to local and global 
challenges to bring about a more sustainable and just society (UNESCO 2016: IV; Leicht et 
al., 2018). It is about using a balanced and integrated approach to considering the interlinking 
economic, social and environmental dimensions of sustainable development (UNESCO 2002; 
UNESCO 2006; Leicht et al., 2018), requiring the learner to approach complex situations 
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from a sustainable perspective, to explore new ideas and approaches and participate in socio-
political processes (Leicht et al., 2018).  
The concept of ESD evolved in the years after the 1992 UNCED conference and is still 
evolving to address emerging sustainability issues, training in higher education and the 
preparation of teachers (McKeown and Hopkins 2003). 
Issues Relating to Education for Sustainable Development  
A systematic review of literature on ESD, environmental education and DE, conducted by 
O’Flaherty and Liddy (2018), indicates a huge variety of global development content and 
themes presented in such educational endeavours. Issues relating to ESD straddle 
environmental, economic, social and cultural spheres and include poverty, wasteful 
consumption, environmental degradation, urban decay, population growth, gender inequality, 
health, conflict and the violation of human rights (UNESCO 2002). ESD calls for learners to 
have both a local and a global dimension to their knowledge base, to have an understanding 
of international issues, to be aware of local issues, to see the connection between the two, and 
to respond as global citizens. It is based on local needs, perceptions, and conditions, but 
recognises that fulfilling local needs often has global effects and consequences (UNESCO 
2005).  
The United Nations Economic Commission for Europe (UNECE), in its strategy for ESD, 
listed key themes to include poverty alleviation, citizenship, peace, ethics, responsibility in 
local and global contexts, democracy and governance, justice, security, human rights, health, 
gender equity, cultural diversity, rural and urban development, economy, production and 
consumption patterns, corporate responsibility, environmental protection, natural resource 
management and biological and landscape diversity (UNECE 2005). 
The MDGs outlined in the UN Millennium Declaration and signed by 191 world leaders 
identified eight clear issues to address: (1) eradicating poverty; (2) providing universal 
education; (3) promoting gender equality; (4) reducing child mortality; (5) improving 
maternal health; (6) combating diseases; (7) ensuring environmental sustainability; (8) 
achieving a global partnership for development (UN General Assembly 2002).  
Subsequently, the UN SDGs were launched as part of Transforming our world: the 2030 
agenda for sustainable development and highlighted 17 goals to be reached by 2030 (UN 
General Assembly 2015). These are illustrated in Figure 1 below. 
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Figure 1: United Nations Sustainable Development Goals 2015-2030 
 
 
The SDGs address issues across people, prosperity and planet. They represent a universally 
shared common global vision across nations (Long 2015), that everyone and every nation 
should be regarded as having a common responsibility for playing their part in achieving the 
goals by 2030 (Osborn et al., 2015; UNEP 2015). Almost all the world’s societies 
acknowledge that they aim for a combination of economic development, environmental 
sustainability and social inclusion, but the nature of specific measures adopted by 
governments in each nation to achieve at local and global levels differs (Sachs 2012). 
Features of Education for Sustainable Development  
Education for Sustainable Development as a Paradigm Shift 
It is clear that current teaching and learning practices must be challenged and transformed to 
enable individuals to lead sustainable lives and be agents of change for sustainability (Leicht 
et al., 2018). ESD is about reorienting education systems, policies and practices to facilitate 
learners to address issues of sustainability and to make clear decisions for action that are 
culturally appropriate and locally relevant (UNESCO 2002).  
Many consider ESD to require a paradigm shift in education (Sterling 2001; Rest 2002; Wals 
and Jickling 2002; Wals 2011). Sterling emphasises that ESD is not merely an addition to the 
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curriculum, but a means to a different view of curriculum, pedagogy, organisational change, 
policy and ethos (Sterling 2004). Many approaches to ESD suggest:  
a thorough orientation around societal issues, an interdisciplinary approach, and a 
change in pedagogy which far outstrips any simple rearranging or altering of current 
curricula (Eilks 2015, p.151).  
 
Irish Education policies have been criticized for their bias toward economic objectives, and as 
such for moving the focus of education from the development of the individual or societal 
wellbeing to the service of the economy (Hannan, 1991; Lynch, Grummel, Devine, 2012). 
The focus on developing human capital has hugely influenced Irish post-primary schooling, 
with subject based curriculum and Assessment of Learning (AoL) rewarding rote-learning 
rather than critical skills (O’Flaherty and Gleeson, 2014). Lynch (1989) highlights that 
mainstream education perpetuates inequality with the focus on technical development of the 
individual leading to competitive individualism and the rewarding of academic achievement 
over altruism. Hicks (2002) warns that the utilitarian and market driven ethos of society is 
often at odds with the need to work towards a more just and sustainable world. Naussbaum 
(2010) criticizes education systems driven by economic needs as hindering the development 
of empathy in the learner, reducing their sympathy with the marginalized, and reducing their 
capacity to deal with complex global problems. A paradigm shift in education would require 
a move away from the drive for sustainable employment and economic growth to reflect 
enhanced societal equality and environmental sustainability.  
In relation to science teaching, Eilks (2015) states that science needs to be incorporated with 
perspectives taken from such disciplinary areas as economics, the social sciences and the 
humanities.  
All educational institutions ranging from preschool to tertiary education and including both 
formal and non-formal education, should consider it their responsibility to address sustainable 
development (Leicht et al., 2018). HEIs, in particular, must support the learners to not only 
acquire and generate knowledge, but also to reflect on the effects of their behaviour and 
decisions on the future, and to take responsibility for bringing about more sustainable ways of 
living and working (Rieckmann 2012). On another level, this new vision of education 
challenges educators to critique existing educational structures and question the dominant 
discourses. They must consider if education is, for instance, focused on finding technological 
solutions to environmental problems without addressing the root social, political and 
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economic causes of these problems (Tilbury et al., 2002), or if the portrayal of subjects 
reinforces a Western dominant, neoliberal, consumerist mindset (Freeman 2011).  
For ESD to be transformative, the educational institution as a whole must reorient towards 
sustainability, involving a rethink of the curriculum, campus operations, organisational 
culture, student participation, leadership and management, community relationships and 
research. In this way, the institution itself functions as a role model for the learners 
(UNESCO, 2014c). The UNESCO Global Action Programme (GAP) on ESD calls for the 
education sector to reorient education and learning, so that everyone has the opportunity to 
acquire the knowledge, skills, values and attitudes that empower them to contribute to 
sustainable development (UNESCO 2014d, p.15). Priority Area 2 of the programme calls for 
the transformation of learning spaces and provides the example of universities incorporating 
sustainability into campus operations, governance, policy and administration (UNESCO 
2014d, p.17). 
ESD is relevant across all subject areas and disciplines. In teacher education, McKeown and 
Hopkins refer to the Strengths Model, building on the talents and skills of practising teachers. 
The vision is that once the concept of sustainability is broadly understood, the need to 
reorient education is accepted, and the way forward will be greatly enhanced by combining 
the contributions of traditional disciplines and the experience and creativity of current 
teachers and administrators (McKeown and Hopkins 2003).  
GAP Priority Area 3 calls for building the capacity of educators and trainers in ESD. 
Specifically, it gives the example that “teacher education institutions deliver pre-service and 
in-service training on ESD”, as a means to achieving this (UNESCO 2014d, p.20). 
ESD Core Competencies 
ESD emphasises the development of key skills such as critical thinking, communication, 
information processing and systems thinking to support the learner to construct responses to 
everyday local and global development issues and debates (McCormack and O’Flaherty 
2010; O’Flaherty and Liddy 2018).  
DeHaan (2010) draws upon the model of Gestaltungskompetenz, (“shaping competence”), 
which refers to sub-competencies designed to inform ESD-related teaching. These 
competencies are as follows: 
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• Gathering knowledge in a spirit of openness to the world, integrating new 
perspectives. 
• Thinking and acting in a forward-looking manner. 
• Acquiring knowledge and acting in an interdisciplinary manner. 
• Dealing with incomplete and overly complex information. 
• Co-operating in decision-making processes. 
• Coping with the individual dilemmatic situation of decision-making. 
• Participating in collective decision-making processes. 
• Motivating oneself as well as others to become active. 
• Reflecting upon one’s own principles and those of others. 
• Referring to the idea of equity in decision making and action planning. 
• Planning and acting autonomously. 
• Showing empathy for and solidarity with the disadvantaged. 
Arising from a comprehensive review and synthesis of literature pertaining to competencies 
for ESD in higher education, Wiek et al. (2011) present an overarching framework consisting 
of five sustainability competencies. This framework is based on the understanding that 
students in higher education should be able to analyse and solve sustainability problems, pre-
empt and respond to future sustainability challenges, and create and seize opportunities for 
sustainability (Wiek et al., 2011). In later years, Wiek et al., (2016) added a sixth competence 
– integrated problem solving – that would enable students to bring together the previous five, 
in order to solve sustainability problems and foster sustainable development. Table 1 below 
lists the six key sustainability competencies and provides a brief descriptor of what students 
should be capable of doing. 
 
Table 1: Sustainability Competencies (Source: Wiek et al., 2016) 
Competence Students should be able to… 
Systems Thinking Analyse sustainability problems cutting across different 
domains (society, environment, economy, etc.) and scales 
(local to global). 
Futures Thinking/ 
Anticipatory Competence 
Anticipate how sustainability problems might evolve or 





Map, specify, compare, apply, reconcile and negotiate 
sustainability values, principles, goals and targets, 
informed by concepts such as justice, equity, responsibility. 
Strategic Thinking/ Action-
oriented Competence 
Collectively design and implement interventions, 




Initiate, facilitate and support different types of 
collaboration, including teamwork and stakeholder 
engagement, in sustainability efforts. 
Integrated Problem-solving 
Competence 
Apply problem-solving frameworks to complex 




Rieckmann (2012) conducted a study with international experts on ESD, to determine the 
most important key competencies for understanding and reacting to sustainability challenges 
in higher education. He named them as follows:  
• Competency for systemic thinking and handling of complexity. 
• Competency for anticipatory thinking. 
• Competency for critical thinking. 
• Competency for acting fairly and ecologically.   
• Competency for cooperation in (heterogeneous) groups.   
• Competency for participation. 
• Competency for empathy and change of perspective. 
• Competency for interdisciplinary work. 
• Competency for communication and use of media. 
• Competency for planning and realising innovative projects. 
• Competency for evaluation. 
• Competency for ambiguity and frustration tolerance. 
 
In its publication Education for sustainable development goals – learning objectives, 
UNESCO (2017) draws on the work above, when defining key competencies for 
sustainability. The competencies in this document are largely reflective of Wiek’s work, but 
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with two additions: namely, critical thinking competence and self-awareness. The eight 
UNESCO competencies for sustainability are summarised in Table 2 over. 
 
McKeown (2002 p.20) lists the skills central to ESD as including:  
• Communication. 
• Systems thinking (both natural and social systems).   
• Critical thinking; the ability to think in time – to forecast, to think ahead, and to 
plan.  
• The ability to comprehend quantity, quality, and value.  
• The capacity to move from awareness to knowledge to action.  
• The ability to work cooperatively with other people.  
• The capacity to use various processes – knowing, inquiring, acting, judging, 
imagining, connecting, valuing, questioning and choosing.  
Table 2: UNESCO (2017) Competencies for Sustainability 
 
Competence Students should be able to… 
Systems Thinking 
Competency 
Recognise and understand relationships; analyse complex systems; 
think of how systems are embedded within different domains and 




Understand and evaluate multiple futures – possible, probable and 
desirable; create one’s own visions for the future; apply the 
precautionary principle; assess the consequences of actions; and deal 




Understand and reflect on the norms and values that underlie one’s 
actions; negotiate sustainability values, principles, goals, and targets 
in a context of conflicts of interests and trade-offs, uncertain 




Collectively develop and implement innovative actions that further 




Learn from others; understand and respect the needs, perspectives and 
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actions of others (empathy); understand, relate and be sensitive to 
others (empathic leadership); deal with conflicts in a group; facilitate 




Question norms, practices and opinions; reflect on own one’s values, 





Reflect on one’s own role in the local community and (global) 
society; continually evaluate and motivate one’s actions; deal with 






Apply different problem-solving frameworks to complex 
sustainability problems and develop viable, inclusive and equitable 





Education for Sustainable Development Pedagogies as Active, Participatory and Critical 
ESD demands a learner-centred approach, where the students are autonomous learners, 
building upon their own experiences and social contexts to develop their knowledge on 
sustainability issues (Leicht et al., 2018). The students must assume responsibility for their 
own learning. They are active in the learning process and have the opportunity to reflect on 
their experiences in relation to the intended learning outcomes. Learner-centred approaches 
imply that educators act as facilitators of learning, rather than as experts who transfer 
structured knowledge (Hogan and Tormey 2008; Barth 2015).  
ESD requires active and participatory teaching and learning methods that motivate and 
empower learners to change their behaviour and to take action for sustainable development 
(Tilbury and Cooke 2005; Leicht et al., 2018). Learning activities might include project-
based work, facilitation of a workshop, civic engagement, or implementation of a campaign 
(UNESCO 2002). ESD pedagogies are inclined to encourage critical thinking, social critique 
and analyses of local contexts. The pedagogies often draw upon the arts, using drama, play, 
music, design and drawing to stimulate creativity and to imagine alternative futures 
(UNESCO 2012; Ubuntu 2019a). Such approaches to teaching and learning can be 
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challenging in some formal education settings, particularly in higher education, where the 
traditional lecture format can restrict pedagogical choices (O’Flaherty and Liddy 2018).   
ESD is enriched by inquiry-based approaches to teaching and learning (Pretorius et al., 
2016), including problem-based learning (PBL) (Darling-Hammond 2008). PBL focuses on 
real-world authentic issues and the development of creative solutions. Students engage with 
meaningful tasks and complex scenarios, determine what they need to know and how and 
where they can find it, and consider different approaches and perspectives (Barth 2015). The 
development of critical thinking skills is an important part of inquiry-based learning. The 
educator supports the learners to:  
ask critical reflective questions, clarify values, envision more positive futures, think 
systematically, respond through applied learning, and explore the dialectic between 
tradition and innovation (Tilbury 2011, p.29). 
 
Approaches require the teacher and learner to engage in appropriate methods to deal with 
new knowledge, uncertainty, ethical dilemmas, political controversies and concerns for the 
planet and its inhabitants (Van Poeck et al., 2019). 
The PBL educational process requires extensive resources but also claims to have radical 
effects on learning (Colliver, 2000). There is some variation however in reports on its 
effectiveness as a pedagogical approach. Some studies have shown that while PBL appears to 
be more effective in achieving long-term knowledge retention and skills development, it 
appears less effective for short-term knowledge retention when compared to the traditional 
lecture setting (Pourshanazari et al., 2013; Yew and Goh, 2016). Others have concluded little 
correlation between PBL approaches and improved knowledge base or clinical performance 
(Colliver, 2000). Literature would suggest that effectiveness of PBL design is largely 
dependent on the quality of problem cases developed for the curriculum and the engagement 
of an interdisciplinary team in their design (Filipenko, 2016). Dolmans et al. (1997) list seven 
principles for the development of cases including adapting to students’ prior knowledge, 
including appropriate cutes for stimulus and prompting self-directed learning. 
ESD can focus on social learning. It can link to the locality, extending the learning into 
society. Curricular content can be derived from the local context, addressing issues of 
relevance and urgency (UNESCO 2006). It encourages learners to reflect critically on their 
own areas of the world, to identify non-viable elements in their own lives, and to explore the 
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tensions among conflicting aims (UNESCO 2002). Educators involved in ESD play an 
important role in facilitating this process and in encouraging dialogue among students, the 
authorities and civil society (UNECE 2005). 
Bryan (2010) warns against allowing students to devise simple solutions to complex global 
issues, for example fundraising or purchasing ethically labelled products. Andreotti (2011) 
explains there is a tendency for mainstream DE interventions to seek out soft, un-complicated 
or easy solutions to global problems that do not require systemic change. Baily et al. (2017) 
also warn against DE that is underpinned by a charity model, reinforcing the traditional view 
of the global North assisting the global South, rather than analysing its role in maintaining 
inequality. Andreotti warns that if teacher educators do not adopt deep, critical and 
challenging approaches to ESD, they run the risk of indirectly and unintentionally 
reproducing the systems of belief that reinforce the very practices that perpetuate inequality 
(Andreotti 2006). Such approaches to education are in danger of offering learners a 
comfortable closure in the form of clear-cut resolutions to what are highly complex, 
interrelated and often intractable problems (Bryan 2010). Reflecting upon the challenges of 
exploring perverse development issues with pre-service teachers, Bryan notes that: 
it is precisely when confronted with the crisis of not knowing what to do, that real and 
deep understanding and awareness of injustices are forged, and through which lasting 
solutions can be found (Bryan 2010, p.5). 
 
She highlights that engaging students in issues of global injustices, without concluding with a 
solution to alleviate these injustices, can result in feelings of disillusionment, despondency 
and powerlessness among students. However, this can prompt learners towards greater 
engagement.  
Interdisciplinary Approaches to Education for Sustainable Development  
ESD implies teaching from a pluralist perspective, where students can critically assess a 
number of different ideas and ways of handling sustainability problems (Van Poeck et al., 
2019). Given the complexity and interconnectivity of sustainability issues, as well as cultural 
and political interests and varying perspectives on appropriate actions to take, solutions are 
far from clear-cut (Van Poeck et al., 2019). Conflicts of interest will inevitably arise where 
sustainable development is in question. Lundegård and Wickman (2007, p.1) describe action 
competence as the ability to consider the social factors and human conflicts of interest that lie 
behind environmental questions and sustainable development. 
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Development issues transcend disciplinary boundaries and so cannot be understood entirely 
by any one discipline. What is required, then, is an interdisciplinary approach (Barth 2015; 
UNESCO 2015), which draws on the natural sciences, social sciences and humanities 
(McKeown and Hopkins, 2002). Understanding the issues requires intensified cooperation 
among scientific fields, as well as between pure and mathematical sciences and the social 
sciences, the arts and humanities (UNESCO, 2002).  
Using an interdisciplinary approach to teaching implies that learning crosses discipline and 
subject boundaries. This approach facilitates the students in exploring and integrating 
multiple perspectives from different subject disciplines, sub-disciplines and areas of expertise 
(Golding 2009) to come to a more meaningful understanding of the topic in hand (Broggy et 
al., 2017). In such cases, the learners use interdisciplinary skills such as literacy, numeracy, 
communication and research to understanding perspectives from other disciplines (Broggy et 
al., 2017). 
As such, interdisciplinary literacy is an important element of ESD and arguably, among the 
most important contributions that educationalists can make to sustainability. Tormey et al. 
(2009, p.4) explain:  
without interdisciplinary literacy, sustainability problems face us like a jigsaw puzzle 
with pieces held by people who speak different languages. If learners can gain 
interdisciplinary literacy, then they can start to put the jigsaw together. 
 
More broadly, Wals (2011, p.181) writes that ESD requires “hybridity” and “synergy” 
between multiple actors in society and the blurring of formal, non-formal and informal 
education with “an increased permeability among units, disciplines, generations, cultures, 
institutions and sectors”.  
“Education for sustainability”: the national strategy on education for sustainable 
development in Ireland, 2014-2020 (2014) highlights challenges that arise in relation to ESD 
in higher education. It refers to “silo-isation” of subject disciplines, thereby preventing a 
holistic and cross-disciplinary approach to sustainable development. However, it also points 
out that the inclusion of sustainable development is increasing across programmes in areas 
such as engineering and architecture, development studies, environmental science, and 




The Ethical Dimensions of Education for Sustainable Development  
Increasing awareness of a problem does not in itself imply behavioural change (Jenkins 1999; 
Sterling 2001; Vare and Scott 2007; McCann and McCloskey 2009). Ethical values are the 
principal factors in social cohesion and, at the same time, the most effective agents of change 
and transformation. As such, ESD has an ethical and moral dimension, which influences the 
individual’s sense of responsibility for action. It is about instilling an ethic for sustainable 
living that also nurtures values of justice and fairness, and a sense of common destiny 
(UNESCO 2002).  
 
A Global Movement for Education for Sustainable Development 
UNESCO has been promoting ESD since 1992. It led the UN Decade of ESD from 2005 to 
2014, during which time ESD matured and grew from raising awareness, to capacity-
building, experimentation and finally implementation of good practice (Laurie et al., 2016). It 
now coordinates the follow-up GAP on ESD (UNESCO 2017), which was launched in 2014 
at the World Conference on ESD in Japan. The overall goal of GAP is to:  
generate and scale up action in all levels and areas of education and learning to 
accelerate progress towards sustainable development (UNESCO 2014d, p.9).  
 
GAP has five Priority Action Areas, namely, (1) advancing policy for sustainability (2) 
transforming learning and training environments for sustainability; (3) capacity-building of 
educators for sustainability; (4) empowering and mobilising youth; (5) accelerating 
sustainable solutions (UNESCO 2014d). 
Quality education is included in the SDGs as Goal 4. This includes Goal 4.7, which states 
that by 2030, learners should have the necessary knowledge and skills to promote sustainable 
development (UN 2015). As part of their commitment to the Global Goals, each nation must 
devise, implement and report on their National Implementation Plan for each of the goals, 
including their initiatives to address ESD.  
Inspired by the SDGs and the central role of education to bring about sustainability, in 2018 
the OECD PISA devised a comprehensive Global Competence Framework in its metrics for 
quality, equity and effectiveness in education (OECD 2018). It defined global competence as:  
the capacity to analyse global and intercultural issues critically and from multiple 
perspectives, to understand how differences affect perceptions, judgements, and ideas 
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of self and others, and to engage in open, appropriate and effective interactions with 
others from different backgrounds on the basis of a shared respect for human dignity 
(OECD 2016, p.4). 
 
The rationale for its inclusion is based on the need to create learning environments that invite 
young people to understand the world beyond their immediate environment, interact with 
others with respect for their rights and dignity, and take action towards building sustainable 
and thriving communities (OECD 2018).  
Education for Sustainable Development in Ireland 
Support for ESD in Ireland has come from a number of different government departments, 
arising from different rationales. 
In 2014, in a response to recommendations from the national strategy on sustainable 
development, Our sustainable future, the Department of Education and Skills (DES) 
launched its first strategy on ESD (2014-2020). The aim of the strategy was to contribute to 
sustainable development by:  
equipping learners with the relevant knowledge, the key dispositions and skills and 
the values that will motivate and empower them throughout their lives to become 
informed active citizens who take action for a more sustainable future (DES, 2014, 
p.6).  
 
The strategy spans formal education from early years education, through primary and post-
primary education, and into higher and further education. In relation to ITE, under 
recommendation 12 it draws attention to the Teaching Council of Ireland, stipulating the need 
to “ascertain the extent to which the teaching of ESD is comprehended within existing criteria 
for accreditation of ITE programmes” (DES, 2014, p.17).  
The Teaching Council of Ireland states that teachers must educate in line with the core ethical 
values stipulated in its Professional Code of Conduct (Teaching Council, 2016) namely, 
respect, care, integrity and trust. Following an interrogation of these values, Jeffers and 
Quirke-Bolt (2019) report strong resonances with the traditions and ambitions of DE. In 
particular, the Code specifies that teachers must have respect for “cultural values, diversity, 
social justice, freedom, democracy and the environment” (Teaching Council 2016, p.6).  
ESD values are also reflected in the DES Junior Cycle Framework (DES 2015a). They are 
particularly evident in the Junior Cycle Statement of Learning (SOL) list, which includes 
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references to moral decision-making (SOL 7), being an active citizen with rights and 
responsibilities (SOL 8), understanding the origins and impacts and impacts of social, 
economic, and environmental aspects of the world (SOL 9), and having awareness, 
knowledge, skills, values and motivation to live sustainably (SOL 10). 
The newly implemented Junior Cycle Framework, along with subject specifications across a 
wide range of disciplines, presents learning opportunities for ESD in the formal curriculum 
(NCCA 2018). 
The work of the DES is complementary to that of the Department of Communications, 
Climate Action and Environment (DCCAE), with its policy responsibility for the sustainable 
development agenda and Ireland’s National Action Plans for the SDGs (DES 2014). The 
SDGs demand transformation in society and innovation, setting out an ambitious set of 
aspirations on a global scale and requiring each nation to tackling issues in a way that is 
appropriate to them, with governments tasked to identify appropriate indicators (Dalby et al., 
2017).  The Minister for Communications, Climate Action and Environment has lead 
responsibility for promoting and overseeing the coherent implementation of the SDGs on a 
whole-of-government basis. The Sustainable development goals national implementation 
plan 2018-2020 outlines how each government department will play a role in achieving the 
goals, while working together with state agencies and local authorities (DCCAE 2018).  
Some existing policies make reference to education that contributes to informed global 
citizens; for example, the National strategy on literacy and numeracy for learning and life 
2011-2020 (DES 2011a) and the Digital strategy for schools 2015-2020 (DES 2015b). Others 
are notably lacking in this area: for example, Ireland’s National skills strategy 2025 places a 
strong emphasis on developing skills to “support development of a well-educated, well-
skilled and adaptable labour force, creating and sustaining a strong pool of talented people of 
all ages living in Ireland” (DES 2016a, p.14). Where the word “sustainable” is used in this 
document, it most often refers to either sustainable economic growth or sustainable 
employment (DES 2016a). Similarly, while the National strategy for higher education to 
2030, in its vision, strikes a balance between higher education being recognised for 
“innovation, competitive enterprise and continuing academic excellence”, as well 
contributing to an Ireland that has “a high quality of life, cultural vibrancy and inclusive 




Also of relevance to the national endeavours towards sustainable development is the work of 
Irish Aid in the Department of Foreign Affairs and Trade (DFAT), which funds DE in the 
formal education sector. Similar to ESD, DE is aimed at:  
increasing awareness and understanding of the rapidly changing, interdependent and 
unequal world in which we live…it is about supporting people in understanding and 
acting to transform the social, cultural, political and economic structures which affect 
their lives at personal, community, national and international levels (Regan 2006, 
p.6).  
 
The concepts of ESD and DE, while emerging from different traditions, are largely identical 
in terms of content, teaching methodologies and ideologies (Hogan and Tormey 2008). Irish 
Aid funds DE in the formal and non-formal education sectors, with planed outcomes and 
outputs outlined in the National strategy on development education 2017-2023 (DFAT 2017). 
It funds the Ubuntu Network in post-primary ITE and WWGS in post-primary schools. 
WWGS (2020) provides grants to post primary schools to design and run projects focused on 
sustainable development and global citizenship. Projects include whole school Development 
Education initiatives, staff building workshops and resource development, with regional 
Education Officers supporting teachers’ work.  
 
The work of non-governmental organisations (NGOs) in Ireland has furthered ESD in Ireland 
with organisations such as ECO-UNESCO, Trócaire, Concern, and 80:20 work in this area. 
For example, ECO-UNESCO (2020) offers the Learning2Change Our World (L2C) 
workshop series in post primary schools. Its ‘Sustainable Development’ workshop provides a 
dynamic and hands-on experience, exploring the idea of Sustainable Development in a global 
context but also encouraging students to think about their own values and patterns of 
consumption. Its ‘Taking Action‘ workshop supports students to think for themselves and 
empowers them to engage in an environmental action project, giving them practical tools to 
promote Sustainable Development in their school or local community. This project can be 
submitted to the annual Young Environmentalist Awards competition. NGOs are key 
stakeholders in promoting public awareness of ESD and are vital to prompting civil 
empowerment, communicating key messages to the general public, and ensuring that ESD is 




Education for Sustainable Development in Science Education  
Addressing issues relating to sustainability and citizenship is now considered an important 
element of science education, and increasingly it is included in science curricula (Gresch, et 
al., 2013; Vesterinen et al., 2016). A central aim of science education is to teach students to 
be critical thinkers and participatory citizens who are capable of making well-informed and 
systematic decisions (Gresch et al., 2013). Jenkins (1999, p.703) observes that science 
education should contribute to the development of “informed citizenry”, which enables the 
learners to participate in decision-making about personal and political issues that have a 
scientific dimension.  
Holbrook and Rannikmae (2007) express a need to move away from content-led teaching and 
move towards teaching approaches that develop reasoning skills, draw conclusions, develop 
argumentation skills and make decisions by drawing on scientific ideas. Eilks (2015) notes 
that in tertiary education, where sustainability is taught in science education, it can be 
confined to the related scientific background and/or subject matter content. There is a need to 
develop multidimensional scientific literacy (Bybee 1997), enabling the learner to build an 
understanding of NOS and the role of science in personal life and society.  
Specific to ESD and science ITE, Eilks (2015) draws on Burmeister et al. (2012) and their 
review of science education literature pertaining to integrating ESD. He identifies four 
distinct models. The first relates to adopting principles from sustainable practices into 
laboratory-based science; for example, minimising the use of toxic substances. The second is 
adding sustainable science as content in the science curriculum; for example, how science can 
contribute to sustainability. The third is using controversial sustainability questions for the 
SSI-driven science education; for example, having a debate on the use of biofuels. The fourth 
is using science education to inform a whole school ESD approach; for example, exploring 
how science can contribute to a more sustainable school.  
Holbrook and Rannikmae (2007 p.1348) describe the need to prepare students for the type of 
scientific literacy necessary for responsible citizenship. They use an approach called 
“education through science”, rather than “science through education”, drawing on activity 
theory where the students’ needs and motivations are the major focus and driver for scientific 
learning. They explain Active Theory as being based on connecting knowledge with social 
practice through establishing a need (relevant to the learner), identifying the motives (the 
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learner wants to solve the scientific problems and make socio-scientific decisions), leading to 
actions (resulting in a scientifically literate, responsible citizen). 
Other learning associated with ESD and investigation can be gleaned from the work of 
educators in the NGO sector, including the annual Young Environmentalist Awards (ECO-
UNESCO 2019) and the ‘Science for Development Award’ at the British Telecom Young 
Science and Technology Exhibition (2019), both of which explore development issues with a 
focus on change and the action component. Another initiative entitled Design for Change 
(Design for Change 2019) is particularly well suited to science and is the largest global 
movement empowering students to create change in their local and global communities.  
PISA frameworks for assessing scientific literacy have referenced the SDGs and, in doing so, 
have evaluated students’ attitudes in relation to responsibility for sustainable development in 
2006 (Bybee and McCrae 2011) and environmental awareness in 2015 (OECD 2016). 
The Junior Cycle science specification (DES 2017, p.5) includes, within its aims, that it must 
encourage students to: 
develop scientific literacy and apply this in cognitive, affective and psychomotor 
dimensions to the analysis of science issues relevant to society, the environment and 
sustainability.   
 
Sustainability is a core element to be addressed across each of four core curricular strands – 
earth and space, physical world, chemical world and biological world. Examples of 
associated learning outcomes relating to sustainability include that student should be able to: 
• Illustrate how earth processes and human factors influence Earth’s climate, evaluate 
effects of climate change and initiatives that attempt to address those effects. 
• Evaluate how humans contribute to sustainability through the extraction, use, 
disposal, and recycling of materials. 
• Evaluate how humans can successfully conserve ecological biodiversity and 
contribute to global food production; appreciate the benefits that people obtain from 
ecosystems.  
A fifth parallel unifying strand, “the NOS”, permeates the four strands listed above. In this, 
the focus is on how science works, how investigations are conducted, how they can 
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contribute to scientific knowledge, how science is communicated, and how both science and 
scientists contribute to society.  
To summarise, ESD is an evolving concept that draws on active and participatory learning 
methodologies to build core competencies necessary to support the learner to bring about 
positive change. Many call for a paradigm shift to reorient education systems away from the 
creation of human capital and towards sustainable living. A broader, interdisciplinary 
approach to education is proposed. Nationally and internationally, ESD is becoming more 
evident in curricula with particular opportunities evident in the newly revised Junior Cycle 
Science Specification.  
 
PART II: TEACHER EDUCATION  
Background 
Formal post-primary teacher education began in Ireland in 1912, with the introduction of the 
part-time Higher Diploma in Education. Implementation of the regulations of the Secondary 
Teachers Registration Council in 1918 made the acquisition of the Higher Diploma a 
requirement for recognition as a registered teacher; and in the 1970s, post-primary teaching 
became an all-graduate profession. Since then, and through economic booms and recessions, 
changes occurred in teacher education in terms of the emphasis on the Irish language, the 
status of teacher education within third-level institutions, the introduction of the concurrent 
teacher education model, the opening and closing of colleges of education, and an increased 
emphasis on research in education (Coolahan 2004).  However, the last 20 years have seen a 
number of reports (OECD 1991; Government of Ireland 1995; Sahlberg et al., 2012) and 
developments have progressed teaching as a profession in Ireland and contributed to the 
continued development of teacher education as a whole.  
Teaching Council 
Arising from a recommendation made by the OECD (1991), the Teaching Council of Ireland 
was established in 2006 as an organisation to: 
give the teaching profession a degree of control over and responsibility for its own 
profession and allow for its closer engagement in the process of change (Government 




It was envisaged that the Council would be an autonomous, statutory, self-regulating body, 
with the role of setting and promoting the highest professional standards for teachers in 
Ireland (Government of Ireland 1998). Included in the functions of the Council were: 
promoting teaching as a profession; establishing, publishing, reviewing and maintaining 
codes of professional conduct for teachers; establishing and maintaining a register of 
teachers; and establishing procedures in relation to the induction of teachers into the teaching 
profession. Of particular relevance to teacher education, the Council was also given 
responsibility to: 
• Determine the education, training and qualifications required for a person to be 
registered as a teacher. 
• Review and accredit programmes of teacher education for the purpose of registration. 
• Advise on the minimum standards of educational qualifications required for entry into 
programmes of teacher education. 
The Teaching Council published the Code of Professional Conduct for Teachers (2012, 
2016), which set out the standards of professional knowledge, skill, competence and conduct 
expected of registered teachers.  
Changes in Initial Teacher Education  
In the period from 2002 to 2015, significant reviews and reforms of teacher education took 
place. The 2002 report of the Advisory Group on Post-primary Teacher Education made 24 
recommendations, including extending the duration of programmes; expanding school 
placement experiences; creating more cross-curricular integration; and placing greater 
emphasis on the development of teachers as reflective practitioners (Harford 2010; Byrne 
2002). In 2003, as part of the report, Attracting, developing and retaining effective teachers: 
country background report for Ireland, Coolahan (2003, p.vii) noted the greater number of 
females entering the profession and the relative absence of participants from minority groups, 
immigrant groups, and Travellers in post-primary teaching. The TALIS report – Teaching and 
learning international study (OECD 2009) identified unmet continuing professional 
development (CPD) needs for teachers. The Teaching Council commissioned the report 
Learning to teach and its implications for the continuum of teacher education: a nine-country 
cross-national study which included in its observations the need for more flexible pathways 
into the profession; the need to develop the continuum of teacher education; and the need to 
promote principles of quality ITE (Conway et al., 2009). In 2011, the Teaching Council 
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published its Policy on the continuum of teacher education, outlining how to establish best 
practice at all stages on the continuum of teacher education (Teaching Council 2011a).  
 
Of particular relevance to post-primary ITE was the establishment of the Advisory Group on 
ITE in 2010. This group was informed by existing and emerging studies and reports and 
advised the Council on the development of criteria and guidelines to be used by providers in 
reconceptualising programmes accordingly. What followed was the Teaching Council 
(2011b) publication Initial teacher education: criteria and guidelines for programme 
providers (2011), outlining requirements for accreditation. It included some significant 
changes, such as extending the duration of the one-year consecutive Professional Diploma in 
Education (PDE) to a two-year Professional Master of Education (PME). More time was 
allowed for school placement and the nature of the experience was expanded to encompass a 
range of teaching and non-teaching activities, including systematic observation in the school, 
collaborative work with school staff, and structured participation in school life. The Criteria 
and guidelines for initial teacher education programme providers (2011) also placed 
increased emphasis on portfolio work, reflective practice and research/enquiry-based 
learning, as well as giving more attention to literacy, numeracy and inclusion (Teaching 
Council 2017b). These guidelines are currently being reviewed in consultation with key 
stakeholders and a revised version is due for publication in 2020.  
 
Another significant influence in policy in ITE during this time was the Report of the 
international review panel on the structure of initial teacher education provision in Ireland 
(Sahlberg el al. 2012), which signalled a major reconfiguration of all HEIs involved in the 
provision of ITE. The report’s main recommendation related to the consolidation of teacher 
education providers into six “centres for teacher education”, thus decreasing the number of 
providers, and bringing together providers from early childhood education, primary and post-
primary education.  
The Continuum of Teacher Education  
Many policy documents and reports mentioned above emphasised the importance of teacher 
education being viewed as a continuum, with ITE for pre-service teachers, induction for 
Newly Qualified Teachers (NQTs) and in-service Education for practising teachers. It was 
emphasised that ITE “is only a starting point in learning about teaching, not an end unto 
itself” (Loughran and Russell 1997, p.164). The 1991 OECD report highlighted that ITE 
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could not and would not prepare a pre-service teacher for the entirety of their teaching 
profession. They wrote:  
it is our basic contention that the education and training for the career (teaching) 
should be continuing and not seen simply as a preparation for and introduction to it 
(OECD 1991, p.92). 
 
Induction for NQTs is conducted through the National Induction Programme for Teachers 
(NIPT), with specific supports such as workshops and school visits being offered in their first 
year of teaching. Teacher induction was made mandatory in Ireland in 2010 and in 2017 
Droichead was formally launched as an integrated professional induction framework (dePaor 
2019). Droichead includes both school-based induction and additional professional learning 
activities to meet the needs of early career teachers (Teaching Council 2017a). The NQT is 
supported by a mentor and by other colleagues who form a Professional Support Team (PST) 
(Teaching Council 2017a). The mentor is an experienced teacher who has completed a 
programme of professional development with the NIPT (Teaching Council 2017a). 
In relation to in-service professional development, Cosán, the first national framework for 
teachers’ learning, was launched in 2016. This flexible framework recognises the full range 
of learning activities available to teachers and allows them to identify and pursue learning 
opportunities that are relevant to them (Teaching Council 2016). Formal in-service training is 
provided by the Professional Development Services for Teacher (PDST) and Junior Cycle for 
Teachers (JCT). It is also offered by other education providers, subject organisations and 
Non-Governmental Organisations; for example, WWGS, ECO-UNESCO and Children in 
Crossfire. Cosán recognises the multiple environments in which teacher professional 
development can take place, including formal and non-formal settings, personal and 
professional settings, collaborative and individual contexts, school-based situations, and 
situations external to the workplace (Teaching Council 2016). 
The Structure of Initial Teacher Education  
Post-primary ITE is provided by 14 HEIs in Ireland and delivered according to two distinct 
models: the two-year consecutive Professional Master of Education programme and the four-
year concurrent undergraduate programme. Dublin City University Institute of Education, 




Applications to undertake undergraduate Science Education programmes are conducted 
through the Central Applications Office (CAO). Applicants to the programme of study are 
required to have obtained two H5 (Higher level) grades and four O6 (Ordinary level) grades 
or four H7 grades, as well as an O3/H7 grade in mathematics and an O4/H7 grade in at least 
one of the following subjects: biology, physics, chemistry, physics with chemistry, 
agricultural science. 
ITE programmes provide foundation studies, professional studies, school placement and, as 
appropriate, subject-specific modules (Teaching Council 2017b). For undergraduate degree 
programmes, the Teaching Council stipulates that half of this time is dedicated to subject 
disciplines, a quarter is attributed to foundation and professional studies and a quarter to 
school placement (Teaching Council 2017b). Foundation disciplines include curriculum 
studies, history and policy of education, philosophy of education, and sociology of education. 
Professional studies include subject pedagogies and curricular studies. The Teaching Council 
also lists the following mandatory components: inclusive education, teacher as 
professional/reflective practitioner, literacy, differentiation and ICT in teaching and learning 
(Teaching Council 2017b). 
The Initial teacher education: criteria and guidelines for programme providers (Teaching 
Council 2017b) provide little in the way of prescribing elements to be included in subject 
disciplines. However, Teaching Council subject declaration forms indicate that the qualifying 
degree must carry at least 180 credits, with at least 60 attributed to the study of biology. Of 
these credits, at least 40 must be gained by completing at least four of the essential areas of 
study: botany, plant physiology, ecology, microbiology, zoology, mammalian anatomy, 
mammalian physiology, biochemistry, genetics and molecular biology. The remaining 20 
should come from this list or from the optional areas of biotechnology, bioinformatics, 
pharmacology, biosciences or environmental biology. 
A recent review of the Science Education programme related to this research took place in 
2015. While the programme was accredited, the Teaching Council noted that the credits 
required, and the subsequent workload on students, far exceeded the amount normally 
expected in a four-year degree. The review panel recommended extending the programme to 
five years, or redesigning it to accredit just one subject (Teaching Council 2015a). 
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In parallel with the curriculum components outlined above, the 2017 Initial teacher 
education: criteria and guidelines for programme providers placed particular emphasis on a 
number of elements, including, the teacher as reflective practitioner, the teacher as researcher, 
and the expanded role of school placement in pre-service teacher professional development. 
The Teacher as a Reflective Practitioner 
Reflective practice is an important part of teacher education (Teaching Council 2014). It 
supports the pre-service teacher in developing skills of reflection, moving from mere 
descriptive accounts of their practices to more critical approaches, where they explore the 
beliefs and assumptions that underpin prevailing practices (Beauchamp 2015; McGarr et al., 
2019). The Teaching Council states that ITE programmes: 
should be mindful of, and challenge as appropriate, the attitudes and beliefs about 
teaching and learning which student teachers carry with them and which inform and 
guide their professional practice (Teaching Council 2014, p.23). 
 
Newell describes the essence of reflection as, “the interaction of experiences with analysis of 
beliefs about those experiences” (Newell 1996, p.568). Brookfield (1995) suggests four 
distinct but interconnecting lenses through which the pre-service teacher might examine their 
assumptions: (1) autobiographical perspectives; (2) reflections through pupils’ eyes; (3) 
colleague/peer perceptions; (4) literature-informed views. In ITE, reflection and critical 
dialogue can be supported through peer discussions (McGarr, et al., 2019), as well as through 
peer-videoing and analysis (Harford and MacRuiarc, 2008).  
 
In ITE institutions, students are asked to undertake reflective practice as part of their 
engagement with modules, and during school placement. Mechanisms for capturing 
reflection, as prescribed by the Teaching Council, include completing a professional portfolio 
(for PME students) and using profiling instruments, such as career-entry development 
profiles (Teaching Council, 2014). The professional portfolio may be described as: 
an instrument which is used by the student teacher to document his or her work, to 
support the process of reflection on his or her practice and to identify areas in which 
he/she may need support or guidance (Teaching Council, 2014, p.6). 
 
The Teacher as a Researcher 
Sahlberg describes teaching as a research-based profession, where research and scientific 
knowledge lead to the continuous renewal of the professional. He emphasises the importance 
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of pre-service teachers developing a mindset for research in ITE and acquiring the tools and 
skills of research (Teaching Council 2019).  
 
As part of its Research Strategy, the Teaching Council seeks to: 
support the development of a vibrant research culture within the profession, whereby 
teachers as reflective practitioners and enquiry-oriented learners are actively engaging 
in and with research, and confidently using research in reviewing and developing their 
practice on an ongoing basis (Teaching Council 2015b, p.4).  
 
This expanded professional role involves systematic, self-reflective and intentional inquiry 
into aspects of classroom practice. It prompts the pre-service teacher to pose questions based 
on perceived educational norms, settings, challenges and opportunities, to collect and 
interpret data, and to write up their findings in the interest of improving practice (Kesson 
2010). It also involves asking significant and tentative questions around processes, practices 
and mindsets (Teaching Council 2015b). 
School Placement is Central to Initial Teacher Education  
Since the implementation of the original Initial teacher education: criteria and guidelines for 
programme providers (Teaching Council 2011; 2017), school placement has been extended 
in duration and expanded in scope. It has moved pre-service teachers from the strongly 
theoretical university setting into the school as a learning community. Pre-service teachers 
must plan, teach and assess student learning, but they must also be facilitated in developing 
as reflective practitioners, observing the school environment, working collaboratively with 
school staff, and engaging in the wider school community (Teaching Council 2017). 
Crucially, the Teaching Council advocated that schools and universities should work in 
partnership to foster the school as a learning organisation, promoting the learning of pre-
service teachers, teachers, HEI placement tutors and learners on a continual and reciprocal 
basis (Teaching Council 2013). 
Embedding Education for Sustainable Development in Initial Teacher 
Education  
We might ask what it means to “integrate” ESD into ITE. In terms of curriculum, Bacon 
(2018) describes integration as a means of giving unity to diverse elements of the curriculum. 
She describes approaches to unifying or integrating the curriculum, such as through project 
work and through problem-based, challenge-based and inquiry-based learning interventions. 
Case (1991, p.215) identifies the process as “any intentional uniting or meshing of discrete 
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elements or features”, further describing integration of content as “connecting the 
understandings promoted within and among different subject areas or disciplines”, and using 
the example of environmental problems, where information might be drawn from biology, 
geology, economics and cultural anthropology. In this regard, integration can bring 
disciplines together, resulting in multidisciplinarity, interdisciplinarity, intradisciplinarity and 
transdisciplinary approaches to teaching (Bacon 2018). 
Barth (2015, pp.79-81) outlines three approaches to integrating sustainability themes into 
curriculum in higher education. The first he describes as “sustainability issues informing 
disciplines”. Here, sustainability is acknowledged as being relevant to the discipline. It is 
considered alongside existing content under that disciplinary paradigm and uses 
methodologies and pedagogical approaches that are central to that discipline. While it can 
influence the discipline and even prompt changes within the discipline, the impacts tend to be 
confined to individual modules and do not bring about institutional change (Barth 2015). The 
second he refers to as “sustainability in interdisciplinary collaboration”. Here, learners from 
different disciplines come together to understand and respond to a topic or problem. Each 
brings their own contribution of disciplinary knowledge, skills, methods and approaches 
(Barth 2015). The third he describes as “transdisciplinary sustainability”, where course 
content relates directly to sustainability topics and learners from a variety of disciplines and 
programmes are attracted to engage (Barth 2015). 
The Ubuntu Network describes the integration of ESD as providing learning experiences 
where the content, pedagogy and attitudes associated with ESD are embedded into the 
existing curriculum in a way that is meaningful, appropriate and beneficial to that discipline 
(Ubuntu Network 2019b). It is generally agreed that any attempt to embed ESD into teacher 
education must be multifaceted and innovative. The UNECE (2004) describes the process as 
systemic change across five dimensions of the institution: (1) ethos; (2) curriculum: (3) 
pedagogy; (4) organisation and management; (5) community. It states that ESD should place 
greater emphasis on interdisciplinary and trans-disciplinary inquiry, reflecting that no 
subjects, factors or issues exist in isolation (UNECE 2004). The National Council for 
Curriculum and Assessment (NCCA) emphasises the need for a broad approach in stating 
that the dispositions, understanding, values and attitudes central to DE/ESD are, in the first 
instance, laid through the encounter of the learner with the individual teacher, through the 
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relationship experienced, through the teaching approaches and finally, through the curriculum 
(NCCA 2005).  
To make ESD a central part of teacher education, UNESCO recommends taking initiatives at 
all levels of the sector. At the highest level, ministries should be engaged, and ESD reflected 
in policy and practice, with particular links to the community. At the level of the HEI, 
thinking on ESD should be supported across the establishment and those within faculties and 
departments should be supported in attempting a larger-scale reorientation. This may be 
achieved through initiating conversations on ESD and gaining acceptance for the legitimacy 
of the concept. From here, ESD should build on local and national sustainability issues and 
priorities, as perceived by the general public; for example, social equity or environmental 
degradation. The means by which ESD in the curriculum can address the concerns and 
priorities of local teachers and schools should be communicated. This might include 
improving access to quality education, student retention and motivation (UNESCO 2005). 
While the Teaching Council Initial teacher education: criteria and guidelines for programme 
providers (2017) do not refer specifically to ESD, a number of the named learning outcomes 
for graduates of programmes of ITE reflect such a philosophy of education. A learning 
outcome relating to “Education and the Education System” includes reference to the “nature 
and purposes of education and the social and policy contexts in which the aims of education 
are defined and implemented” (Teaching Council 2017, p.25), allowing scope for considering 
the role of education for transformation in society. A learning outcome on “Subject 
Knowledge and Curriculum Process and Content” stipulates the inclusion of “cross-curricular 
links and themes including citizenship; creativity; inclusion and diversity”, allowing for 
educational activities that explore issues relating to social and environmental responsibilities 
at local and global levels (Teaching Council 2017, p.26). A learning outcome on 
“Professional and Ethical Teaching” stipulates that the pre-service teacher must “know and 
uphold the core values and professional commitments which are set out in the Code of 
Professional Conduct for Teachers”, providing opportunity for discussion around ethical 
values and standards in relation to the individual and society (Teaching Council 2017, p.29). 
 
Since its inception in 2006, the Ubuntu Network has supported teacher educators in post-
primary ITE to integrate concepts of justice, equality and sustainability into their teaching 
and professional practice. The focus is on embedding ESD (also termed DE) in a manner that 
is incremental and coherent across each year of each programme. To support integration, the 
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Ubuntu Network has adopted a five-component framework for the integration of ESD into 
ITE (Ubuntu Network 2019b). This is illustrated in Figure 2 below. 
 
Figure 2: Ubuntu Network Framework for the Integration of Education for Sustainable 
Development into Initial Teacher Education 
 
The first component of the framework proposes that pre-service teachers are introduced to the 
concept of ESD through lectures, tutorials and independent study. They learn about the 
origins and meanings of the concepts, the role of the teacher in Global Citizenship Education, 
the issues central to the SDGs, varying ideologies associated with values-based education, 
and the importance of critical thinking in reading the world. The second component of the 
framework explores how the principles and themes associated with ESD can be taught 
through school subjects in a way that aligns with the NCCA key skills, subject specifications 
and appropriate teaching approaches for the discipline. For example, in science pedagogy, 
pre-service teachers might be supported in exploring themes of energy and sustainability 
through pedagogies focused on evidence-based argumentation and the NOS. The third 
component of the framework explores how existing mandatory ITE elements and foundation 
disciplines embody the values and ideologies that are central to ESD. The fourth component 
of the framework supports pre-service teachers in engaging in ESD-related activities, while 
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on school placement. The fifth component of the framework relates to incorporating ESD into 
the research and reflection aspect of ITE (Ubuntu Network 2016). 
 
Table 3: Ubuntu-supported Development Education Interventions in Education 
Modules in the Science Education Programme 
Year Module Key concepts addressed in the intervention 
1 Contemporary Thinking on 
Education 
Philosophy of education – liberation education, 
education for transformation.  
2 Planning for Learning Introduction to Global Citizenship Education and DE. 
Microteaching with sustainability themes. 
2 Planning for School 
Placement 
Relating DE to the school experience.  
2 Science Pedagogy Science and sustainability (as per Junior Cycle spec). 
Nature of science. Argumentation is science. 
3 Curriculum Policy and 
Reform 
An understanding of social justice and sustainability 
in relation to the curriculum. Students create a short 
course with a social justice/sustainability theme.  
3 Inclusive Education 1: 
Contemporary Perspectives  
Key concepts that scaffold students’ understanding 
related to the workings of privilege across the 
domains of gender, sexuality, social class, 
race/ethnicity/national identity and religion. 
4 School Placement 2 Students are required to incorporate themes relating 
to social justice, equality and sustainability. 
4 Teacher as Professional The civic and cultural role of the teacher. Social and 
emotional learning and development education. 
Each academic year, the Ubuntu Network issues a call to HEIs for project proposals to 
integrate ESD into post-primary ITE programmes. Successful applicants receive funding and 
organisational support to engage in ESD projects, in line with the Ubuntu Network framework 
for the integration of ESD into initial teacher education (Ubuntu Network 2019b). 
 
 
Funded projects in HEIs in 2017, 2018 and 2019 included ESD elective modules, specialised 
ESD units delivered within existing modules, the embedding of ESD as a cross-cutting theme 
in ITE programmes, as well as art exhibitions and displays of pre-service teachers’ project 
work (Ubuntu Network 2019b).  Within UL, a number of projects have been supported in 
recent years, leading to a prevalence of ESD-related themes and initiatives in education 
modules. These include interventions across the four years in foundation disciplines, as well 
as in microteaching and school placement, and are represented in Table 3 above. 
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Challenges to Integrating Education for Sustainable Development into 
Initial Teacher Education in Higher Education  
Barriers to integrating ESD into higher education include an already crowded curriculum, 
perceived irrelevance, limited staff awareness or expertise, limited institutional commitment, 
limited commitment from external stakeholders, lack of incentives, perception of it being too 
demanding, and lack of resources (Sterling 2013). 
Furthermore, where ESD is embedded in ITE, additional factors may inhibit pre-service 
teachers’ capacity to translate their ESD learning into their own teaching experience.  
Fuller (1969) describes the concerns of pre-service teachers during their ITE programmes as 
they progress through their training and into schools as NQTs. He suggests that they begin 
with concerns about the self – issues relating to survival in the classroom, grasping the 
subject matter, being respected by colleagues, being liked by pupils, and getting a good grade 
from their supervisors – before progressing to concerns about the about tasks relating to their 
teaching, or the student and impact (Fuller and Boun 1975). Similarly, Furlong and Maynard 
(1995) describe five stages in the professional development of teachers: (1) early idealism; 
(2) professional survival; (3) dealing with difficulties; (4) hitting a plateau; (5) moving on. 
Earlier stages focus on being accepted, fitting within the supervising teacher’s routines and 
expectations, managing classroom situations, and adapting to difficulties before reaching 
establishing basic competence and confidence to act as professional teachers. 
The demanding nature of school placement, where the expectations of the programme can 
“exceed the capacity of student from the point of time and energy” (Coady 2010, p.318), can 
make it difficult for the pre-service teacher to adapt their teaching to reflect justice and 
sustainability. Curriculum constraints are also cited as a barrier to pre-service teachers 
teaching ESD. These include a lack of time, the perceived relevance to the subject being 
taught, pressures of visiting tutors, the pressure to cover specific topics, the influence of the 
cooperating teacher, and the pressures of getting a good grade (McCormack and O’Flaherty 
2010).  
While pre-service teachers’ attitudes to including ESD in their teaching tend to be positive 
(Bryan and Bracken 2011; Ubuntu Network 2018), McCormack and O’Flaherty (2010) note 
that a lack of knowledge about sustainability and development issues is a significant barrier 
to pre-service teachers addressing development issues in the classroom. Similarly, Eilks 
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(2015) expresses concern at lack of teacher knowledge on issues of sustainability in relation 
to teaching. Consequently, pre-service teachers may not feel confident to raise open-ended or 
controversial issues in the classroom (Dillon and O’Shea 2009; Bryan and Bracken 2011).  
To summarise, ongoing changes in teacher education have resulted in it becoming highly 
professionalised. The Teaching Council has adopted a number of significant changes 
including the development of criteria and guidelines for Initial Teacher Education, the 
introduction of the National Induction Programme for Teachers and the launch of the Cosán 
framework for teachers’ learning. Teachers are encouraged to be researchers and reflective 
practitioners, continually working to enhance their practice. The Ubuntu Network supports 
the integration of ESD into post primary ITE, and in doing so enables teacher educators to 
conduct projects that align ESD with subject specific learning, core educational studies, 
School Placement, research and reflective practice. Despite the successes of the Network, 
challenges to integrating ESD must be acknowledged – these include an overcrowded 
curriculum, lack of teacher educator capacity and readiness of pre-service teachers to engage 
in ESD.   
PART III: SCIENCE AND SCIENCE EDUCATION 
The Evolution of Science 
Science may be described as the pursuit of knowledge to reliably explain the natural world 
(Ratcliffe and Grace 2003; Weinberg 2016) or, more specifically, an attempt to understand, 
explain, control and predict the world we live in by using distinctive methods of enquiry, 
including experiments, observation and theory construction (Okasha 2002; McCain 2015). In 
the world of science, new knowledge replaces or adds to existing knowledge. Where earlier 
work is deemed inaccurate, it is discounted and discarded; it is no longer of significance to 
the expanding knowledge base. 
In the seventeenth century, the Scientific Revolution established the conceptual, 
methodological and institutional foundations of modern science (Henry 1997), when science 
made the transition from being the “private experiments of a few wealthy gentlemen” to 
“public laboratories, state funding, and industrialization of the Victorian era” (Fara 2010, 
p.173). Knowledge creation became professionalised and institutionalised, scientists began to 
work in more organised communities, scientific principles and methods were established, 
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scientific academic disciplines emerged, and the publication of research became the 
fundamental means of communicating scientific work (Bartling and Friesike 2014).  
As the social benefits of science became apparent, it was woven into industry, business, 
government and medicine, and contributed to development and competitive edge. By the 
twentieth century, government and private funding for scientific research had increased 
significantly, and this, influenced the emergence or decline of specific scientific disciplines 
and areas of research (Schneider 2009). Contemporary applications of science brought about 
advances in many areas, including the automotive industry, agriculture, communications, 
medicine and energy generation. In many ways, we are reliant on science for maintaining the 
economic wealth of modern societies, and for supporting the present population, affording a 
comfortable standard of living and life expectancy (Stuckey et al., 2013). 
Scientific Literacy 
Scientific literacy is a widely used term, particularly in relation to the desired outcomes of 
science education (Chadwick et al., 2017). There are diverse positions, descriptions and 
interpretations of scientific literacy and what its primary focus should be (Laugksch 2000; 
Roberts 2007; Millar 2008).  
It may broadly be defined as: 
an appreciation of the nature, aims, and general limitations of science, coupled with 
some understanding of the more important scientific ideas (Jenkins 1994, p.5345). 
 
The OECD (2016) description of scientific literacy reflects three areas of knowledge. Firstly, 
content knowledge, relates to knowledge of scientific facts, concepts, ideas and theories. 
Secondly, procedural knowledge describes knowledge of practices and procedures that 
scientists use to establish, report on and communicate scientific knowledge, based on 
empirical enquiry. Thirdly, epistemic knowledge refers to an understanding of the role of 
specific constructs and defining features in establishing accepted scientific knowledge; for 
example, observations, theories, hypotheses, argumentation, methods of scientific enquiry, 
and the role of peer review (OECD 2016). This is similar to Bell’s (2009) description of the 
three domains of science as a body of knowledge, a set of methods/processes and a way of 
knowing, as illustrated in Figure 3 below. 
The NCCA describes scientific literacy as enabling the learner to contribute to political, 
social and cultural life as thoughtful and active citizens, who appreciate the cultural and 
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ethical values of science, and can therefore make informed decisions about local, national and 
global challenges (NCCA 2019). 
 In seeking to enhance scientific literacy, the Junior Cycle science specification aims to:   
develop students’ evidence-based understanding of the natural world and their ability 
to gather and evaluate evidence: to consolidate and deepen their skills of working 
scientifically; to make them more self-aware as learners and become competent and 
confident in their ability to use and apply science in their everyday lives (NCCA 
2015, p.5). 
 
Figure 3: The Three domains of Science (Source: Bell 2009) 
 
DeBoer (2011), in a review of the history and meaning of scientific literacy, summarises the 
goals of science education into nine key statements. These include such purposes as preparing 
for the world of work, learning about science applications in everyday life, understanding 
reports and scientific discussions, and using science as a way of examining the world.  He 
also emphasises the role of science to inform citizens of SSI, stating that:  
citizens need to have an awareness of these issues, an understanding of the way 
decisions regarding them are made in society, and the skills to investigate them on 
their own so that they can intelligently influence policy that affects them and their 




He argues that scientific literacy should be less focused on content and prescribed learning 
outcomes, but that it should be conceptualised broadly enough for schools and teachers to 
pursue goals for their particular situations, using the most appropriate content and 
methodologies.  
Bybee’s (1997) four-level competence model for scientific literacy is widely accepted 
(Neumann 2011) and influenced the model of scientific literacy used in the PISA science 
framework. He describes nominal literacy as implying an understanding of scientific terms 
and topics. Functional literacy refers to being able to use scientific and technological 
vocabulary within a particular context or relating to a particular activity. Conceptual and 
procedural literacy demonstrates a capacity to relate conceptual ideas across different 
disciplines within science and the processes and nature of science. Finally, multidimensional 
literacy goes beyond concepts and procedural methods to further perspectives, including the 
NOS and the role of science and technology in personal life and society. 
Some argue that scientific literacy should include the development of social values required 
for responsible citizenship (Holbrook and Rannikmae 2007; Holbrook 2008), that it should 
support the learner to engage in community initiatives (Roth and Lee 2004), and that it should 
include the applications of scientific knowledge in decision-making about personal and 
society-based situations (Lederman et al., 2014). Some argue that scientific literacy includes 
the evaluation of moral and ethical factors relating to scientific data and information for the 
wellbeing of people and the environment (Zeidler et al., 2005). 
Scientific Process: Scientific Inquiry and Scientific Method 
Scientific processes are activities related to collecting and analysing data and drawing 
conclusions (Lederman et al., 2013).  Scientific inquiry may be described as “the processes of 
how scientists do their work and how the resulting scientific knowledge is generated” 
(Lederman et al., 2014, p.66). It involves the “pursuit of coherent, mechanistic accounts of 
natural phenomena” (Hammer et al., 2005, p.13). Scientific inquiry may include: 
making observations; posing questions; examining books and other sources of 
information to see what is already known; planning investigations; reviewing what is 
already known in light of experimental evidence; using tools to gather, analyze, and 
interpret data; proposing answers, explanations, and predictions; and communicating 
the results … identification of assumptions, use of critical and logical thinking, and 




Although there are different approaches to scientific inquiry, some rules of scientific process 
apply. These include using empirical data to construct explanations, avoiding bias, and 
presenting explanations for “skeptical review” (Bybee 2006, p.2). Science has its own ethical 
principles that are crucial for the proper conduct of science, including intellectual honesty, 
open-mindedness, accuracy in data collection and reporting, suspension of judgement, and a 
self-critical attitude (Ratcliffe and Grace 2003). However, Bybee goes on to say that science 
is a human activity, and so is open to interpretation and variation, noting that: 
scientists vary in their talents, imagination, intuition, and courage. Given the same 
experimental results, two individuals or groups of scientists may form different 
explanations (Bybee 2006, p.3). 
 
While scientific inquiry refers to the broad range of non-linear activities involved in science 
practice, scientific method refers to a linear step-by-step process that is undertaken to 
investigate phenomena and to answer a scientific question. Tang et al. (2009 p.29) describe 
scientific method as:  
a body of techniques or methodical steps that are shared by all science domains for 
investigating a phenomenon and acquiring new knowledge.  
 
Scientific method can be seen as rules for constructing and testing scientific theories 
(Achinstein 2004) that are empirical in nature (Cohen et al., 2017), with results derived from 
experiment or observation, rather than from theory. Typically, scientific method is 
represented in science education as having specific linear steps (see Figure 4). 
 
Figure 4: A Popular Depiction of Scientific Method                                                         







Ask a question 
Do background research 
Construct a hypothesis 
Test hypothesis by doing an experiment 
Analyse data and draw a conclusion 
Report your results, indicate if hypothesis was correct 
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Scientists begin with a hypothesis that has been formed from prior research or observation. 
The hypothesis is tested through further observation and experiment. If the outcomes confirm 
the predictions, then the hypothesis endures. If the hypothesis is falsified, then it does not 
continue. The scientific method is “logical, objective, and impersonal” (Bybee 2006, p.2), 
and yet, scientific methods and approaches vary hugely, depending on context, as denoted by 
Bybee:  
a single scientific method gives no recognition to the diversity of approaches among 
scientific disciplines … evolutional biologists consider population changes during 
vast time scales, while molecular biologist focus on understanding the functions of 
cells in their current evolutionary form (Bybee 2006, pp.2-3). 
The Nature of Science  
The term “NOS” may be understood as the epistemological and sociological underpinnings of 
science, science as a way of knowing, or the values and beliefs inherent to the development 
of scientific knowledge (Lederman 1992). Supporting the learner in developing informed 
conceptions of the nature of science is an important aspect of science education (Lederman et 
al., 2002). 
The American Association for the Advancement of Science (AAAS 2013) describes NOS as 
comprising three things. The first is how scientists view the world. They share a set of 
beliefs, whereby they see the world as understandable, where scientific ideas are subject to 
change, where most scientific knowledge is durable, and where science cannot provide 
answers to all questions. The second relates to scientific methods of inquiry that rely on 
gathering evidence, generating hypotheses and theories, merging logic and imagination, 
explaining, predicting and identifying while maintaining a non-bias stance. The third refers to 
science as an enterprise, located within institutions, organised into disciplines, adhering to 
ethical principles, and contributing to society through various means, including public debate.  
Lederman (2007, 2013) proposes seven key aspects of NOS, describing scientific knowledge 
as: tentative (subject to change); empirically-based (based on and/or derived from 
observations of the natural world); subjective (theory-laden); involving human inference, 
imagination, and creativity (the invention of explanations); socially and culturally embedded; 
requiring distinction between observations and inferences; giving consideration to the 
functions of, and relationships between, scientific theories and laws. Kelly and Erduran 
(2018) summarise the work of key proponents in this area to derive a list of characteristics 
that describe NOS. These are expanded in Table 4 over. 
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Table 4: Characteristics That Describe the Nature of Science                                                 





Scientific knowledge is both tentative and durable (Kelly and 
Erduran 2018). It is subject to change in light of new evidence and 
new ways of thinking, yet is generally accepted once it has 




Science is based on both observations and inferences. These are 
guided by scientists’ prior knowledge and perspectives of current 
science (Kelly and Erduran 2018). Scientific observations involve 
the processes of observing, but also of recording and reporting 
these observations (Morgan 2011). Inferences involve developing 
explanations from observations and often involve entities not 




Science is objective. It is accepted that it has come about without 
influence from scientists’ guided interests, yet subjectivity in 
science is unavoidable, due to human choices and attitudes in 




Scientific knowledge is created from human imagination, creativity 
and logical reasoning. This creation is based on observations and 
inferences of the natural world (Kelly and Erduran 2018). 
Social and Cultural 
Embeddedness in 
Science 
Science is part of social and cultural traditions. As a human 
endeavour, science is influenced by the society and culture in 
which it is practised (Kelly and Erduran 2018). 
Scientific Theories 
and Laws 
Both scientific laws and theories are subject to change. Scientific 
laws describe generalised relationships of natural phenomena under 
certain conditions (Kelly and Erduran 2018). A scientific theory is 
a well-supported explanation of natural phenomena. Thus, theories 
and laws constitute two distinct types of knowledge (Bell 2009). 
Scientific Methods 
in Science 
There is no single universal step-by-step scientific method that all 
scientists follow. Scientists investigate research questions with 
prior knowledge, perseverance, and creativity (Kelly and Erduran 
2018). They use a range of approaches to create scientific 
knowledge, including observation and experimentation (Bell 2009).  
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The NOS is important when dealing with SSI and discussions, in that it supports the learner 
in understanding and evaluating controversial scientific facts. It scaffolds them to critically 
read science-related media reports and enables citizens to use scientific information to form 
an opinion and to be involved in discussions on key problems (Neumann 2011). 
Ethics in Science 
While science is pervasive across society and benefits our lives in many ways, it also poses 
potential risks through deliberate misuse, accident or unintended consequences. The nature of 
some scientific research can be controversial and require moral questioning. Examples 
include embryonic stem cell research for treatment of disease, genetically modified (GM) 
plants as a solution to hunger, cloning and gene therapy (Iaccarino 2001; Wolpert 2005).  
Scientific research is influenced by power, ideology and commercial interests (Simonneaux 
2007). The relationship between public and private research can also give rise to conflicts of 
interest. Where scientists in universities and public research institutes work alongside 
industry, patents can be formed, thereby potentially restricting the benefit of science to the 
public, particularly in clinical research (Iaccarino 2001). Therefore, it is important to consider 
the extent to which values and ethics play a role in scientific practice and research. 
Some argue that science needs to be objective, providing an explanation of the world, 
independent of the mind, discourse and subjective valuations of the scientist (Sharlin 1974). 
Wolpert (2005, p.1253) states that “reliable scientific knowledge is value-free and has no 
moral or ethical value”. This claim to neutrality is based on the premise that science merely 
produces ideas about how the world works, and that the application of these ideas in 
technology is where ethical issues can arise (Wolpert 2003). Iaccarion (2001, p.748) states 
that: 
the advancement of knowledge could not be considered good or bad … science was 
not responsible for its applications, and even less for their subsequent use.  
 
While scientists can seek to make known potential social implications of their work, 
technological applications are often driven and funded by government, private industry and 
funding bodies, and as such, ethical considerations and responsibilities lie with them 
(Iaccarino 2001; Wolpert 2005). 
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Others stress that scientists should be concerned about the use of scientific knowledge and 
they should address the ensuing ethical questions, both in general terms and in terms of their 
own work. Iaccarino (2001, p.750) uses the example of climate, indicating that “to uphold the 
neutrality of science would not be amoral, but immoral”. The UNESCO sponsored 
Declaration on Science and the use of Scientific Knowledge and the Science Agenda-
Framework for Action emphasises that scientific research and the use of scientific 
knowledge: 
should always aim at the welfare of humankind, be respectful of the dignity of human 
beings and of their fundamental rights, and take fully into account our shared 
responsibility towards future generations (UNESCO 1999). 
 
It calls for ethics and responsibility to be an integral part of education and training of all 
scientists, and that governments, NGOs and research institutions assume a role in upholding 
ethical standards and fostering public debate on the ethical implications of scientific work.   
In relation to science education, Osborne and Dillon (2008) view science as important in the 
generation of new scientists, but also in providing the public with a general understanding of 
science and scientific debate. They are critical of school science, in that it has previously 
failed to develop anything other than “a naïve understanding of the nature of science” 
(Osborne and Dillon 2008, p.7). They make specific reference to political and moral 
dilemmas confronting society, which are rooted in advances of science and technology, and 
call for this to be included in science education, stating that: 
to understand the role of science in such deliberations, all students, including future 
scientists, need to be educated to be critical consumers of scientific knowledge. 
Improving the public’s ability to engage with such socio-scientific issues requires, 
therefore, not only a knowledge of the content of science but also a knowledge of 
‘how science works’ (Osborne and Dillon 2008, p.8). 
 
Reiss (1999) presents arguments for teaching ethics in science. He states that, while scientific 
knowledge is open-minded and objective, it is formulated within particular social contexts, 
with the hope or expectation that it will have applications in the real world, and that these 
should be considered. Secondly, he notes that the separation of science from values and ethics 
is a recent Western phenomenon. He also notes that students consider ethical considerations 
to be relevant to their study of science.  
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Davis (1999) provides four aims to teaching ethics: (1) to heighten ethical sensitivity of the 
learner thereby understanding the consequences of unethical actions; (2) to increase their 
ethical knowledge in relation to rights and responsibilities; (3) to improve ethical judgement 
in decision making; (4) to make more ethical and sustainable choices in their daily lives. 
Science as an Academic Discipline  
The Nature of an Academic Discipline 
An academic discipline may be described as: 
a field or branch of learning affiliated with an academic department within a 
university, formulated for the advancement of research and scholarship and the 
professional training of researchers, academics, and specialists (Deng 2012, p.40).  
 
Academic disciplines possess a common cognitive or social rationale that defines their 
boundaries (Becher and Trowler 2001). From a cognitive perspective, disciplines are 
distinguished by their unique body of knowledge, and how this is developed and taught. 
Becher (1989) suggests that academic disciplines can be loosely characterised by their 
associated knowledge bring “hard” or “soft”, and “pure” or “applied”. While these 
dimensions function best as continua, and while different practitioners within a discipline 
may differ in terms of where they would place their discipline, this approach can illustrate 
some key oppositions within academic disciplines. Science may be categorised as 
predominantly pure and hard, whereas education might be considered soft and applied, 
suggesting one such opposition. Valiela (2009) distinguishes between basic and applied 
science – basic science being concerned with description and explanation (e.g. defining 
nutrient and phytoplankton relationships in an estuary) and applied focusing on prediction 
and control (e.g. using this basic information to assess water quality). He suggests that the use 
of applied science to solve important societal problems is important for building and 
sustaining public support and funding for scientific institutions (research labs, universities, 
funding agencies).  
Bernstein (1971, 1975) provides a theoretical model for making sense of the way in which 
educational knowledge is organised within the formal education system. He identifies that 
there are two dimensions to this organisation. The first he calls “classification”, referring to 
the way in which knowledge is organised into or across subject disciplines. Where there are 
very clear divisions between bodies of content (such as a clear distinction being drawn 
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between biology, chemistry and physics, for example), this is referred to as strong 
classification. Where divisions between bodies of content are not clearly defined (such as bio-
engineering) classification is said to be weak. 
The second he terms “framing”, which describes the locus of power in the transmission of 
content. This refers to the levels of control that the student has over the selection, organising 
and pacing of the content material. Where the teacher makes decisions on what is to be 
learned, when it is to be learned, how it is to be learned and in what order, this is referred to 
as being “strongly framed”. Where there is considerable scope for freedom and learner choice 
in relation to these factors, this is said to be “weakly framed”. 
The relationship between academic disciplines and school subjects is an important 
consideration. Stengel (1987) describes the relationship as “continuous”, where the subject 
and academic discipline are similar in purpose, substance and practice. He gives mathematics 
as an example. In such cases, disciplinary knowledge is transmitted to enhance the 
intellectual capacity of student, but also to maintain or reproduce the academic culture (Deng 
2012). Deng (2012) highlights that with continuous subjects, content matter can be too tightly 
defined at school level, and can ignore the interests, attitudes and feelings of learners. It can 
also fall short in addressing social, economic and political needs and can fail to contribute to 
social reform and reconstruction.  
From a social perspective, academic disciplines are distinguishable by the social culture and 
identity that develops within the group (Becher 1988; Becher and Trowler 2001). Being a 
member of a disciplinary group involves: 
a sense of identity and personal commitment, a ‘way of being in the world’, a manner 
of taking on ‘a cultural frame that defines a greater part of one’s life’ (Becher 1989, 
pp.24-25). 
 
In social terms, culture may be described as the cultivated behaviour of a group of people, 
embodying the inherited behaviours, ideas, beliefs, values, symbols and knowledge that 
constitute the shared bases of social action, and which are transmitted and reinforced by 
members of the group. Geertz (1973) describes culture as: 
an historically transmitted pattern of meanings embodied in symbols, a system of 
inherited conceptions expressed in symbolic forms by means of which men 
communicate, perpetuate, and develop their knowledge about and their attitudes 




It is built upon cumulative deposits of knowledge, experience, meanings, hierarchies, 
religion, notions of time, roles, spatial relations, concepts of the universe, and material 
objects and possessions acquired by a group of people. This symbolic mode is not only 
shared by a community: it is conserved, elaborated, and passed on to succeeding generations 
who, by virtue of this transmission, continue to maintain the culture’s identity and way of life 
(Bruner 1996). 
Similarly, Tony Becher (1989) describes subject disciplines through the metaphor of “tribes” 
and “cultures”. He notes that people within different disciplines can have their own 
communities locally (e.g. department and faculty) and distally (e.g. subject associations and 
professional associations) within which they tend to socialise. They often share a subject 
identity: for example, they may describe themselves as “sociologists” or “chemists”, rather 
than as people who work in sociology or chemistry. Their subject identity is typically 
meaningful to them, and they may defend the importance and contribution of their identified 
discipline.  
Becher and Trowler (2001) provide a qualitative and data-rich account of the socialisation 
process within academic cultures. They highlight the role of doctoral studies as the key 
ingredient in the rite of passage that is entry into the discipline, and the key role of the “right” 
supervisor in providing networking opportunities and research “craft” learning (Becher and 
Trowler (2001, p.135).  In this respect, learning and becoming a member of the disciplinary 
community is not simply something that happens through doing a research project: it is a 
social and contextual experience. As the participant becomes a fully-fledged member of the 
community, they begin to experience greater degrees of freedom, in terms of the choice of 
research focus.   
Characteristics of Science as an Academic Discipline 
Science as an academic discipline emerged out of the Scientific Revolution. Science came to 
be regarded as having utilitarian goals and evolved into a social activity, increasingly 
integrated into society at large (Brush 1989). It became increasingly embedded in social 
practices through activities such as the publication of research, public accreditation of 
experimental results, academic progression on the basis of research reputation, and the award 
of prestigious prizes for scientific discoveries (Ziman 2004).  
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In relation to science, Kuhn (1970) claims that disciplines differ in terms of their cognitive 
frameworks, the content and problems that they seek to study, their research methods, the 
types of generalisations they make, and how they present their conclusions. Divergence of 
science into sub-disciplines is part of the NOS as an academic discipline (Ziman 1987). The 
existence of separate scientific disciplines was evident at the turn of the eighteenth century, 
with areas such as geology, meteorology, mineralogy, botany evident (Anthony 1958). The 
emergence of scientific disciplines equated closely with the role structures in higher 
education (Schneider 2006).  Each sub-discipline considers one particular aspect of science 
and reports what it sees from its particular stance and in its own particular language (Ziman 
2004). For example, when describing the study of a gene, Ziman explains how scientists from 
varying sub-disciplines differ in their views:  
 
Is it a heritable trait, as seen by the geneticist? Is it a segment of DNA, as seen by the 
molecular biologist? Is it a protein factory, as seen by the biochemist? Is it even, 
perhaps, an active, utterly selfish being, as depicted by some evolutionists? (Ziman 
2004, p.8). 
 
Each scientific sub-discipline has its own instrumentation, from the anatomist’s scalpel to the 
geologist’s hammer, and entire sub-disciplines, such as microbiology and astronomy, have 
been made possible by the development of devices that extend the boundaries of human 
observations to otherwise inaccessible domains (Ziman, 1984).  
 
Science as an academic discipline can be viewed as a culture or seen as a complex way of life 
that has evolved within a particular group of people with shared traditions and being 
transmitted and reinforced by members of the group (Ziman 2004).  
 
Academic scientists are expected to conduct original research, publish, be experts in their 
fields, supervise students, be willing to be reviewed by peers, serve on committees and 
editorial boards, seek funding, attend conferences and meetings, and engage in academic 
discourse (Ziman 2004). Scientific research is about questioning the body of knowledge, with 
a view to contributing something new. Publication has become a formal principle and 




Being socialised as an academic scientist involves entering the “tribe” of the discipline or 
sub-discipline in question and conforming to the “unspoken rules”, norms or traditions 
(Ziman 2004). These are not listed or enforced by specific sanctions: rather, they are 
incorporated as an ethos into the “scientific attitude” of the institution (Ziman 2004, p.30).  
 
Within the culture of science, there are particular ways of knowing, acting and 
communicating (Bruner 1996), when enculturated into the discipline, one conforms to such 
practices.  
Ways of Knowing 
Scientific knowledge is deemed to be the principal product and purpose of science (Ziman 
2004), and the means through which science attempts to explain the natural systems of the 
world. Scientific knowledge refers to facts, concepts, principles, laws, theories, and models 
and can be acquired in many ways. What is viewed as scientific knowledge is built over time 
(NRC 1996). 
The universal body of scientific knowledge is a result of the collective observations, 
experiments, trials and tests, hypothesising and theorising of individuals and scientific 
communities in many parts of the world, and over many generations. Scientists develop 
scientific knowledge from within scientific communities at local, national and international 
levels, where collective capacity provides the motivation, communication and structure 
necessary to sustain inquiry (Flick and Lederman 2006).  
To understand science means that the individual must negotiate many types of knowledge, 
including: 
the ideas of science, relationships between ideas, reasons for these relationships, ways 
to use the ideas to explain and predict other natural phenomena, and ways to apply 
them to many events (NRC 1996, p.22).  
 
Scientific knowledge is reported with an explanation of how it was obtained, and the 
reasoning used to reach conclusions (Valiela 2009). Scientific knowledge is open to change. 
There are times also when scientific knowledge is modified or even discarded, if 
discrepancies between theory and observation are deemed to exist (Ziman 2004; Flick and 
Lederman 2006). The tentative nature of science is considered a strength. To work towards 
reaching legitimate claims requires a degree of scepticism and scrutiny that brings with it the 
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possibility of revision or rejection (Sagan 1996). In addition, science must evolve and 
diversify, as it adapts to technical progress and societal change (Ziman 2004). It has been 
adapted and used in different ways in different regions and at different times. Fara (2010, 
p.xvii) writes: 
Scientific knowledge has never travelled neutrally from one environment to another, 
but is constantly adapted and absorbed in different ways; it has geographies as well as 
histories. 
 
Combining of scientific fields has also become necessary for teaching and research in 
science, for example biochemistry (Anthony 1958). 
Ways of Acting 
Merton (1973/1942) suggests that academic science is governed by ethos that is lived out 
thorough a set of functional norms (Ziman 1996, p.67), these elements are: 
• Communalism – that the outputs of academic science are common property and 
should be communicated to the public.   
• Universalism – that claims and contributions are viewed and evaluated regardless of 
the author’s personal traits, including nationality, religion or social status.   
• Disinterestedness – that claims are made within reference to personal preferences of 
ideology, adopting a neutral, impersonal stance. 
• Originality – that claims are progressive and novel. 
• Scepticism – that claims are met with reasonable doubt from the scientific community 
and undergo appropriate scrutiny. 
Ways of Communicating 
Science communication is part of a scientist’s everyday life. Scientific advancements are 
communicated through written publications, such as academic journals and books. 
Information dissemination events, such as conferences, symposia and exhibitions also 
provide a platform for the sharing of learning. In addition, engagement in scientific 
communities facilitates greater interaction among scientists, resulting in shared expertise 
around areas of study and a sharing of values (Schneider 2009).  In many ways, the 
communication of advancements in science is what builds and maintains the scientific 
community (Holliman et al., 2009).  
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As science is increasingly interdisciplinary, scientists also need to be able to communicate 
more effectively across disciplines, to foster collaboration and innovation.  
Rewards for academic scientists who communicate their research results to the communal 
archive include increased social standing, visibility, citations and professional progression by 
gaining tenure and promotion within the discipline (Achinstein 2004; Ziman 2004). 
Science Education 
Science education incorporates elements of scientific knowledge, practice and the capacity 
for interpretation (O’Grady et al., 2014). The aim of science education, as specified in the 
Junior Cycle science specification, is:   
to develop students’ evidence-based understanding of the natural world and their 
ability to gather and evaluate evidence: to consolidate and deepen their skills of 
working scientifically; to make them more self-aware as learners and become 
competent and confident in their ability to use and apply science in their everyday 
lives (NCCA 2015, p.5).  
Pedagogical Approaches in Science Education  
Numerous studies have shown that active learning approaches are most appropriate in the 
teaching of science (Hake 1998; Wilke and Straits 2001; Burrowes 2003; Freeman et al., 
2014; Michael 2006). Active learning engages the learner in, 
a complex set of intellectual, social and emotional processes that eventually lead to 
knowledge acquisition, meaning making, ownership of learning, and achieving higher 
levels of conceptual and epistemic understanding (O’Grady et al., 2014, p.36).  
 
Erduran and Dagher (2014) emphasise that, when teaching students scientific method, they 
should be actively engaged in scientific practice. They highlight that: 
the aim should be to involve them in the practice of designing investigations and 
understanding methodological options that scientists use to address relevant questions 
(Erduran and Dagher 2014, p.105). 
 
As previously noted in this literature review, it is important to distinguish between the 
teaching of scientific method and scientific inquiry. The teaching of scientific method in a 
fixed, linear and rigid manner has been criticised as oversimplifying the nature of scientific 
inquiry. While it serves as a “handy guide for communicating aspects of scientific inquiry”, 
and a useful template for structuring science project reports, it does not represent the 
complexity or variety of investigative processes associated with the true practices of inquiry 
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in science (Erduran and Dagher 2014, pp. 93-94). Tang et al. (2009) suggest that scientific 
method, being test-oriented, should be taught separately from scientific inquiry, where 
students are led away from cyclical methods into a more productive inquiry that focuses on 
thinking.  
Inquiry-based learning is an action-oriented instructional strategy that can be applied to all 
subjects, but can be particularly effective in the teaching of science (NRC, 2000; Lunetta et 
al., 2007; Lederman and Lederman 2012;). Inquiry-based learning in science education is 
modelled on the authentic inquiry processes of scientists (Asay and Orgill 2010). The 
students learn by doing science. They are encouraged to ask scientifically oriented questions, 
seek out and use evidence to respond to the question, devise explanation from the evidence, 
connect the explanation to scientific knowledge, and communicate their findings while 
providing appropriate justification (NRC 2000).  
Inquiry-based learning can be structured around pedagogical approaches such as PBL, which 
aligns particularly well with the aims of science education (Gallagher et al., 1995). It may be 
described as an approach to education that involves the: 
presentation of a curriculum-related problem or situation whose solution requires 
students to practice skills of analysis, integration and application (Kendler and Grove 
2004, p.348).  
 
Students work collaboratively to seek solutions to problems that are authentic, engaging and 
relevant to them and the real world. At the centre of PBL is the ill-structured problem that has 
been carefully selected and designed to demand of the learner critical knowledge, problem-
solving proficiency and self-directed learning (Akçay 2009). It is “messy and complex in 
nature, requires inquiry, information-gathering, and reflection, is changing and tentative, has 
no simple, fixed, formulaic, ‘right’ solution” (Akçay 2009, p.27). Curriculum is organised 
around the problem, facilitating the student in constructing understandings and learning in 
relevant and connected ways. The teacher plays several roles including those of lecturer, 
facilitator and coach (Akçay 2009) and a key goal of the process is that the learner becomes 
self-directed and self-regulated (Gallagher 2015). 
Research has shown that the self-directed nature of PBL increases students’ perseverance and 
motivation to learn (MacKinnon 1999), and that it can enhance higher-order thinking skills 
such as critical thinking and creativity (Torp and Sage 2002). Using PBL in the teaching of 
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science can have had a positive effect on student achievement. It can enhance their attitudes, 
social development and self-efficacy, as well as their conceptual development of the subject 
matter (Akınoğlu and Tandoğan 2007). However, Asay and Orgill (2010), in a review of 
published articles relating to inquiry in the classroom, suggest that students tend to focus 
more on the earlier stages of inquiry (posing questions and seeking evidence) than the latter 
more critical elements (devising explanations, connecting with scientific knowledge and 
justifying their findings).  
Gallagher et al. (1995, p.139-140) outline a procedure for implementing science problem-
based learning experience (SPBLE), using a case study with an environmental problem at its 
core. They indicate that within the teaching of science, PBL can be effectively applied by 
adding four key elements to the design and deployment of the process. The first is problem 
engagement: the problem posed should relate to significant scientific concepts and this should 
lead to the investigation of significant scientific content. They indicate that it is easier to 
identify a suitable problem once there is a well formulated area of science for students to 
explore, as well a set of potential experiments that they might conduct during their 
exploration of the issue. The second is inquiry and investigation: during this time, students 
engage in scientific processes. They test their ideas through customised experiments or 
fieldwork. They generate some of the data required to solve the problem, while also drawing 
on the work or data of others. Valuable learning takes place where data is conflicting, or 
where results are vague or unexpected. The third element is problem resolution: where 
students use their data and evidence to derive a solution, or a solution set, that addresses the 
critical parts of the problem definition. During this process, they are self-directed and manage 
their own data, ensuring that they use appropriate forms of note-taking, saving and storing, 
analysing and reporting. Finally, at the debriefing stage, students present their solutions either 
orally or through publication.  
The skill of argumentation is central to decision-making in science (Gresch et al., 2013). 
Driver et al. (2000) present a case for argumentation to be included in science education, to 
enhance scientific literacy. To show the socially constructed nature of scientific knowledge 
and the implications of science in society, they urge that the learner be supported to present 
coherent arguments and evaluate others, particularly those reported in the media, so that they 
understand the basis of the knowledge claims with which they are confronted. They must 
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experience the presentation of competing claims, in order to observe how decisions are 
arrived at (Driver et al., 2000). 
Argumentation is seen as an appropriate pedagogical tool by which to enhance scientific 
literacy in the classroom, particularly in relation to teaching about the importance and impact 
of science on society. While it is beneficial in terms of interpreting, constructing and 
defending scientific explanations (Norris and Philips 2003; Simon et al., 2006; Bricker and 
Bell 2008; Berland and Reiser 2009), it is also relevant in terms of understanding the 
connections between science and social issues (Osborne et al., 2004; Cavagnetto 2010; 
Dawson and Venville 2010; Lederman et al., 2014). Jiménez-Aleixandre (2007) describes the 
purpose of argumentation in science education as enhancing knowledge about the nature of 
science, developing citizenship and higher order thinking skills. Simonneaux (2007) explains 
that it contributes hugely to the reaching of science education goals, specifically developing 
scientific literacy, critical thinking, higher-order cognitive processes and enculturation into 
scientific culture. 
Argumentation in science may be described as a logical and rational interchange of views 
aimed at clarifying the relationship between ideas and evidence (Duschl et al., 2007). In this 
context, an argument may be described as an assertion and its accompanying justification. It 
may comprise the elements of claim, data, warrants, and supporting evidence (Toulmin 
1958). It understands scientific observations as mere interpretations of nature, rather than 
direct readings. The argumentation element is concerned with justifications of what to 
conclude and what to do.  
Yilmaz et al. describe argumentation as:  
a kind of discourse through which arguments are individually and collaboratively 
constructed and evaluated in light of empirical or theoretical evidence, alternative 
views, justifications, and rebuttals (Yilmaz et al., 2017, p.1445).  
 
Jonassen and Kim (2010) describe the process of involving students in argumentation. It 
involves creating a suitable learning context for the learning task; for example, a problem-
based or project-based space. This may draw on SSI relating to science and requiring 
exploration and clarifying. The learners are then given instructions and information about the 
components of argumentation. They are encouraged to reflect on the scenario and pose 
questions. They are guided to develop and debate theories based on evidence (Osborne 2010). 
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They make a claim, refine it, and support it with scientific evidence (Norris et al., 2007). 
They are supported in considering from a multitude of perspectives and in asking 
controversial and probing questions, where relevant. They also critique arguments presented 
by others (McNeill et al., 2016). The learning environment must facilitate interaction, in 
order to support reasoning, the sharing of reasoning and the drawing of conclusions, based on 
discussions, so as to address the problem or project.  
In practical terms, students can have difficulty putting together well-developed arguments in 
relation to controversial SSI when explicit instruction is not provided, resulting in arguments 
that require further evidence and consideration of other perspectives (Khishfe et al., 2017). 
Yilmaz et al. (2017) outline diverse instructional strategies that teachers adopted to initiate 
and sustain argumentation in science education. These include seeking clarification through 
rephrasing, questioning to elicit argument, playing devil’s advocate, guiding students to 
alternative arguments, proposing a counter-argument and asking for a mind change. Khishfe 
(2012) notes that where students have developed the empirical, subjective and tentative 
aspects of NOS, they are more capable of producing arguments, counter-arguments and 
rebuttals. 
Teaching Socio-scientific Issues in Science 
Many approaches to science education recognise the important role that science and 
technology play in society and the wellbeing of people and planet (Sadler, 2011; Lederman et 
al. 2013; Zeidler 2014).  In writing about science as a mechanism to prompt civic action, 
Hodson (2010, p.205) writes:  
all I can do is urge teachers and students to be critical, reflective, robust in argument, 
and sensitive to diverse values and beliefs but above all to have the courage and 
strength of will to do what they believe is right and good and just. 
 
In the 1970s, Science-Technology-Society (STS) was introduced into science education 
curriculum in the United States (Ziman 1980; Bybee 1987; Kumar and Berlin, 1996; Bybee 
1997; Mansour 2009). Its aim was to give students “knowledge about the science/society 
interface and the ability to make decisions about science-related social issues” (DeBoer 2000, 
p.588). More recently, the practice of teaching via controversial topics and SSI has been 
recognised internationally as an important addition to curriculum (Zeidler and Sadler 2008; 
Zeidler and Nichols 2009).  While STS was criticised by some for lacking a theoretical 
framework (Zeidler et. al., 2005; Zeidler and Nichols 2009), SSI proved to be a broader and 
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more grounded concept. It forms the basis of a viable educational framework that draws upon 
areas of study, including cognitive and moral development, emotional development, socio-
moral discourse and ethics (Zeidler et al., 2003; Zeidler et al., 2005). 
 
Eilks (2002) points to using controversial sustainability questions in the SSI aspect of science 
curriculum. Vesterinen et al. (2016) also recommend that citizenship science education 
should include activities that enable students to participate in discussing and potentially 
solving SSI. The inclusion of science, technology and society in the curriculum, as well as 
SSI has prepared students to behave as responsible and informed citizens (Solomon 1994). 
 
SSI are those that draw upon both social and scientific factors to address real-world 
problems. They are often controversial, require ethical or moral considerations, and are 
without clear solutions (Sadler 2004; Zeidler and Sadler 2008; Zeidler and Nichols 2009). 
The use of biofuels in the context of the threat of climate change is an example of one such 
issue. The controversial element of this issue arises from using corn and other agricultural 
food products as a source for fuel, which may decrease overall available food stocks, thus 
resulting in an increase in food prices in some countries (Feierabend and Eilks 2010). 
 
Dealing with SSI in science classes enables students to participate productively in 
controversial discussions concerning ethical topics, such as sustainable development (Gresch 
et al., 2013). In addition to complex scientific evidence, normative considerations and 
personal values must be taken into account when constructing moral judgments (Zeidler and 
Sadler 2008). Students must be able to manage multi-criteria decision-making situations that 
include the competing objectives of sustainable development (Gresch et al., 2013). During 
the decision-making process, personal values, morals, ethics and social concerns are taken 
into account in an explicit or implicit way (Bell and Lederman 2003). 
 
Discourse-based pedagogies are emphasised as a means for students to practise negotiations 
of SSI and explore diverse viewpoints on the issues (Bossér 2018). SSIs support the learner to 
develop the skills necessary to actively participate in classroom debates, thereby enhancing 
their capacity to take part in societal decision-making processes (Eilks 2002). Such 
approaches might be supported by educational tools such as role-playing, conducting research 
on how science is represented in the media, or discussing the role science plays (or should 
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play) in advertising (Belova et al., 2015), simulations, group discussions and debate (Colucci-
Gray et al., 2006). 
Van Eijck and Roth (2007) claim that SSI have a greater impact on the learner than content-
driven curricula. They describe a case-based study where students were supported to conduct 
an ecological study of a local watershed in their community in western Canada. This 
approach sought to deliver a curriculum in which “scientific knowledge does not end up in 
isolated, artificial settings such as tests, but leaves sustainable traces in students’ daily lives” 
(Van Eijck and Roth 2007, p.2765). 
Zeidler’s SSI framework uses problems that are controversial, ill-structured and personally 
relevant, but which require scientific evidence and evidence-based reasoning to inform the 
learner’s decisions on appropriate courses of action. It uses scientific topics with social 
ramifications that require students to engage in dialogue, discussion, debate, argumentation 
and ethical reasoning. The framework emphasises the formation of virtue and character in the 
learner (Zeidler 2003; Zeidler et al., 2005).  
Hodson (2010, p.204) advocates that the curriculum should support students to “formulate 
their own views on a range of contemporary issues and problems and to care passionately 
about them”. In doing so, he proposes a four-stage model for engaging in SSI (Table 5 
below), that may be applied alongside a conventional subject-oriented curriculum. However, 
he notes that students and teachers should see it as core to developing scientific literacy and 
note merely an “add-on or motivational adornment” (Hodson 2010, p.204). 
Table 5: Four Curriculum Levels for Engagement with Socio-scientific Issues                      
(Adapted from: Hodson 2010) 
Level Curriculum Goal 
1 Appreciate the societal impact of scientific and technological change and recognising 
that science and technology are, in substantial measure, culturally determined. 
2 Recognise that decisions about scientific and technological development are taken in 
pursuit of particular interests and that benefits accruing to some may be at the 
expense of others. Recognise that scientific and technological development are 
inextricably linked with the distribution of wealth and power. 
3 Developing one’s own views and establishing one’s own underlying value positions. 




Arguments against the inclusion of SSI in science teaching have also been noted (Kromhout 
and Good 1983). Millar (1997) explains that the content associated with such issues is deep, 
complex and at times contested or incomplete. He adds that the content changes with time 
and varies for each issue in question and, as such, it is not feasible to broach such learning 
within the time and resource limitations of the classroom. In addition, teachers can view 
science as value free and objective, and have a preference for focusing on hard factual 
knowledge, rather than introducing values and uncertainty that may undermine this view 
(Lewis and Leach 2006).  
Junior Cycle Science  
In 2017, the new Junior Cycle science specification was offered to first-year post-primary 
pupils for the first time. The key feature of the specification is the positioning of NOS as an 
overarching unifying strand. It is envisaged that it permeates all other strands and focuses on 
the activities associated with being a scientist, including engaging in scientific inquiry, 
conducting investigations, analysing evidence, communicating, and understanding the role of 
science in society (DES 2015c; NCCA 2019). It describes a vision for engaging in the NOS, 
where:  
students construct a coherent body of facts, learn how and where to access 
knowledge, and develop scientific habits of mind and reasoning skills to build a 
foundation for understanding the events and phenomena they encounter in everyday 
life. This makes the science classroom a dynamic and interactive space, in which 
students are active participants in their development. They can engage not only in 
experimental activities and discussion within the classroom, but also in researching 
and evaluating information to look beyond claims and opinions to analyse the 
evidence which supports them (DES 2015c, p.11). 
 
This element of the programme was commended for not prescribing a “method” of scientific 
research, but rather, giving relevance to the conditions that “make science, science”; for 
example, reliability, accuracy, precision, fairness, safety and ethics (Galvão and Serra 2014). 
In parallel with the NOS strand are four further contextual strands: (1) the physical world; (2) 
the chemical world; (3) the biological world; (4) earth and space – each with their own series 
of learning outcomes. 
The specification emphasises that strands should not be studied in isolation, but linked, to 
demonstrate the integrated nature of learning science. To support this process, learning 
outcomes for each contextual strand are grouped into four elements: (1) building blocks; (2) 
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systems and interactions; (3) energy; (4) sustainability – thus prompting the teacher to move 
seamlessly between strands. The structure of the specification is illustrated in Figure 5 below.  
Figure 5: Contextual Strands and Elements of the Junior Cycle Science Specification 
(Source: DES 2015c) 
 
Galvão and Serra (2014) conducted a review of the draft Junior Cycle science specification 
against the main challenges related to science education curriculum development, as 
presented in the literature. One of the challenges they highlighted was the need for the 
science curriculum to respond to a contemporary world that is increasingly “shaped by 
problems created by unsustainable overexploitation of natural resources, which may endanger 
the balance of the planet and enhance economic and social imbalances” (Galvão and Serra 
2014, p.6). The specification responds to this by stating as its second aim the need to: 
develop scientific literacy and apply this in cognitive, affective and psychomotor 
dimensions to the analysis of science issues relevant to society, the environment and 
sustainability (NCCA 2015, p.7).  
 
The authors commended the specification for addressing this through a multifaceted 
approach, specifically, the integrated approach to topics across the four contextual strands, 
the inclusion of the transversal element “Science in Society”, as part of NOS, the prominence 
of sustainability themes in learning outcomes, and the inclusion of a Science in Society 
investigation as a classroom-based assessment (CBA), to be completed in third year (Galvão 
and Serra 2014). The Science in Society investigation, which is summarised in Table 6 
below, is one of two CBAs and is allocated 10% of the total course assessment marks. 
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Table 6: Science in Society Classroom-based Assessment                                                        
(Source: Junior Cycle Science Curriculum Specification, DES 2017) 







presented in a 
wide range of 
formats. 
With the support of the teacher, the 
student will:  
• Research an SSI. 
• Analyse the information or 
secondary data collected. 
• Evaluate the claims and 
opinions studied. 
• Draw evidence-based 
conclusions about the 
issues. 
End of first 
term/early in 
second term of 
third year. 
 
To summarise, while science may be described as the pursuit of knowledge to reliably 
explain the world, scientific literacy relates to the desired outcomes of science education. 
Views often differ on what should be prioritised in science education but broadly it is 
considered as interrelated knowledge and skills pertaining to content, procedure, 
epistemology and the Nature of Science. Science in society and Socio-Scientific Issues are 
considered by many as core to scientific literacy. Characteristics of science as an academic 
discipline include hard, factual knowledge, scientific inquiry, technical jargon and academic 
publications. Pedagogical approaches to teaching science include inquiry-based learning 
approaches (such as PBL) and argumentation. Junior Cycle science specifications offer 




Chapter 3: Methodology 
This chapter presents the research methodology used in the study. It provides an overview of 
the research design, including the rationale for the approach taken, methods of data collection 
and approaches to data analysis. It outlines how participants were selected to participate in 
the study and the ethical considerations arising from the research. It concludes with an 
account of reliability and validity as relevant within the research context. 
Research Question 
The research seeks to understand how science as an academic discipline is lived, practised, 
perpetuated and communicated within the community of educators that teach biology-related 
modules on a Science Education programme in a HEI.   
It builds on the premise that there are particular norms and practices that are unique to the 
science environment and the teaching of science on the Science Education programme. To 
understand these provides a basis from which to identify how ESD might be incorporated into 
the Science Education programme in an appropriate and effective manner. 
As such, the research question asks:  
How does the lived nature of science as an academic discipline, in the 
context of the Science Education programme, support and/or challenge 
the embedding of ESD in teacher education? 
Research Design  
The philosophical underpinning of the research is reflective of the interpretive paradigm 
where the researcher seeks to understand science as an academic discipline, based on the 
subjective perceptions and experiences of the research participants (Cohen et al., 2017). 
Adopting a constructivist ontological stance, the researcher considers reality not as a singular 
objective truth, but as a social construct established by the perceptions of teacher educators as 
they interact with each other and with their environment (Guba and Lincolin 1989; Bryman 
2008; Merriam 2009). It sees participants’ perceptions of reality as varied and in flux, and 
often formed not only through interaction with others, but also through historical and cultural 




In line with an interpretivist epistemology, the research considers knowledge as created 
through the interpretation of data collected and mapping of meaningful patterns and themes 
(Patton 2015). Such an approach to making meaning suggests that the researcher, through a 
variety of triangulated data collection processes, actively engages in constructing meaning 
with the support of teacher educator and pre-service teacher participants (Silverman 2006).  
 
Given the philosophical views held, a qualitative research approach was adopted. Qualitative 
research is suited in contexts where the researcher seeks to understand how people interpret 
their world experiences (Biklen 1992; Merriam 2009; Patton 2015). Qualitative data 
collection methods can gather intricate details about phenomena such as feelings, thought 
processes and emotions. It can capture the inner experience of the participants and explore 
how meanings are formed through and in culture (Corbin and Strauss 2008). This can give 
rise to rich data that provides an insight into nuance, setting, interdependencies, complexities 
and context. 
 
An ethnographic informed research approach was adopted for this study. The role of the 
ethnographic researcher is to document the culture, perspectives and practices of those in the 
setting, in order to gain an inside account into how the group sees the world. An ethnographic 
approach is characterised by the researcher immersing themselves within a group for an 
extended period of time, observing and documenting behaviour of the participants, listening 
to and engaging in conversations and asking questions (Hammersley and Atkinson 2007).  
McLeod (1998, p.162) describes the mechanisms of ethnography for such forms of inquiry, 
stating that:  
it is possible to do justice to the complexity of a culture only by living within it for a 
considerable period of time, and carrying out systematic and rigorous sets of 
observations into the way in which the members of that culture construct the world 




Research was conducted “in the field” (Hammersley and Atkinson 2007, p.3), with the 
natural setting of the research spanning the personal offices and work/research spaces of 
teacher educators as well as the educational spaces in which they taught – spaces such as 
laboratories, lecture halls and field-trip locations. This afforded a richness of opportunity in 
which quality participant observation could be undertaken and the generation of a “rich 
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understanding of social action and its subtleties in different contexts” (Reeves et al., 2008, 
p.512). It also allowed the researcher to socialise into the “rules, rituals, practices, beliefs, 
activities, organisations and daily life schedules” of the teacher educators at the centre of the 
study (Schensul and LeCompte 2012, pp.1-2). 
Analysis of data in ethnography is inductive and comparative. It is about identifying common 
themes, patterns or categories that transcend and emerge from the data (Merriam 2009) and 
using them to develop hypotheses and theories, avoiding all prior hypotheses (Spradley 1980; 
Strauss and Corbin 1990; Silverman 2006). Such an approach to making meaning implies that 
the researcher, through a variety of triangulated data-collection processes, actively engages in 
constructing meaning with the support of the participants (Silverman 2006). 
Research Methods 
This section outlines the data collection processes undertaken as part of the research, 
specifically interviews, participant observation and focus groups.  
Interviews 
Where full participation observation in a social setting is not viable as part of an ethnographic 
study, it is recommended that semi-structured or unstructured interviews be conducted with 
members of the studied group (Bryman 2008). Interviews were an important research method 
for this research, allowing the researcher to gain in depth information (Cohen et al., 2017) 
across a range of topics, and offering teacher educator participants a chance to shape and 
explain their views on the nature of science as an academic discipline (Bogdan and Biklen 
1992). Data collected during interviews consisted of the participants’ own words and so 
allowed the researcher to develop insights into how they interpreted the world in question 
(Bogdan and Biklen 1992). In particular, the interviews provided access to the views and 
perceptions of the teacher educator participants, including the thoughts, attitudes and 
opinions that influence their behaviour as scientists and educators.  
The purpose of the interviews was to yield an insight into how participants viewed, lived and 
communicated science (biology). It also explored the values held by participants in relation to 
their work, science and research. Questions sought to explore the relevance of ESD to 
teaching on the Science Education programme. The format for the semi-structured interviews 
followed an “interview guide” (Bryman 2006, p.438), which outlined questions or topics to 
be addressed, while also allowing for flexibility in how participants responded. The list of 
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questions designed for the interviews was reflective of Schein’s (2004) levels of culture and 
other literature pertaining to understanding culture, disciplines and the NOS. The complete 
interview guide, with prompts, is available in Appendix A. Question categories spanned, 
knowledge associated with science; norms and practices associated with science; values and 
attitudes associated with science; science in society and influencing factors; how science is 
communicated; the relationship between science and other disciplines. 
Open-ended questions were used. These provided a frame of reference for respondents’ 
answers, but with minimal restraint (Cohen et al., 2017). Participants were encouraged to 
contribute minute details, examples, narrated stories and relevant quotes. This was 
encouraged through:  
probing questions, through reinforcing body language (being attentive, nodding, using 
appropriate facial expressions), and through asking for clarification where appropriate 
(Bogdan and Biklen 1992, pp.97-98). 
 
Questions encouraged discussion and cooperation, thereby helping to establish a rapport and 
further co-construction or validation of findings. Building good relationships between the 
interviewer and participants contributes to an environment whereby the latter are considered 
co-researchers rather than research subjects (Bogdan and Biklen 1992).  
 
The target social group for the research was teacher educators involved in the delivery of 
biology-related modules on the Science Education programme. The research was limited to 
the 16 modules associated with biological disciplines within the programme in the academic 
year 2008-2009. Module leaders were invited to take part in the research. Of the 16 modules, 
module leaders from 13 modules elected to take part in the research, as indicated in Table 7 
below. To include physics and chemistry modules within the programme was deemed to 
extend the project beyond what the scope of this master’s degree. In addition, greater 
numbers of students complete the biology course than alternative courses in physics and/or 
chemistry.  
 
Initial access to the group was secured through meeting with the course director, who was 
sympathetic towards the research and invited the researcher to present the research proposal 
to the Department of Science in September 2008. Within the Department of Science, the 
research was overt and benefited from the support of key stakeholders. In ethnographic 
research, a “champion” from within the target group can act as a sponsor and enable access to 
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otherwise difficult settings. Senior management or programme leaders may be “gatekeepers”, 
from whom permission to conduct the research and access are attained. Both of these 
stakeholders may become “key informants”, particularly if they develop an appreciation of 
the research (Bryman 2008, p.408). This was the case in this research project. 
 
Table 7: Biology-related Modules on the Science Education Programme                             
and Teacher Educator Participation in Interviews  
# Year, 
Semester 
Module Title Participated 
(Y = Yes; N=No) 
1 1, 1 BY4001 – Biology 1 N 
2 1, 1 BY4002 – Biology 2 Y 
3 1, 2 BY4013 – General Microbiology Y 
4 1, 2 BY4003 – Diversity of Organisms Y 
5 1, 2 BY4215 – Soil Science Y 
6 2, 2 HC4304 – Horticulture 1 N 
7 2, 2 SE4004 – Science Education (Pedagogy1) Y 
8 3, 1 BY4205 – Agriculture 1 Y 
9 3, 1 BY4005 – Vertebrae Structure and Function Y 
10 3, 1 BY4505 – Pollution Biology Y 
11 3, 1 HC4305 – Land and Landscape Management N 
12 3, 2 EY4056 – Subject Pedagogies 2 Y 
13 3, 2 BY4006 – General Biochemistry Y 
14 4, 2 BY4008 – Genetic and Molecular Biology Y 
15 4, 2 BY4006 – Agriculture 2 Y 
16 4, 2 BY4018 – Plant and Animal Physiology Y 
 
An invitation to participate was extended to all those who attended the presentation. It was 
reinforced that participation was voluntary and could be withdrawn at any time. Those who 
opted to take part later suggested others whom they thought might have an interest in the 
study. Representative sampling is less of a concern for the ethnographer. What is more 
important is purposeful sampling that accesses as wide a range of individuals of relevance to 
the research question as possible (Bryman 2006). The researcher makes claims about the 
nature of a discipline within a closed setting, rather than the population. Theories emerging 
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from this work are not generalisable beyond the context. However, they are available for 
other researchers to test in other contexts.  
Emerging from the presentation and subsequent communications, of the 12 lecturers/teaching 
assistants involved in delivering biology- related modules to students of the Science 
Education programme (Biological Science), 11 agreed to take part in interviews and of these, 
four agreed to facilitate access to lectures, laboratory sessions and field trips, for 
observational data to be collected.  
Table 8: Research Interview Schedule 
#  Date Identifier Educational Role 
1 01 April 2008 Teacher Educator 1 Teaching Assistant  
2 02 April 2008 Teacher Educator 2 Teaching Assistant  
3 08 April 2008 Teacher Educator 3 Course Director & Lecturer 
4 04 April 2008 Teacher Educator 3 Course Director & Lecturer 
5 10 June 2008 Teacher Educator 4 Lecturer 
6 26 June 2008 Teacher Educator 5 Lecturer 
7 27 June 2008 Teacher Educator 4 Lecturer 
8 18 July 2008 Teacher Educator 6 Lecturer 
9 17 October 2008 Teacher Educator 7 Lecturer 
10 20 October 2008 Teacher Educator 8 Lecturer 
11 20 October 2008 Teacher Educator 7 Lecturer 
12 26 October 2008 Teacher Educator 9 Lecturer 
13 30 October 2008 Teacher Educator 10 Lecturer 
14 04 November 2008 Teacher Educator 3 Course Director & Lecturer 
15 06 November 2008 Teacher Educator 10 Lecturer 
16 07 November 2008 Teacher Educator 11 Teaching Assistant 
17 25 November 2008 Teacher Educator 9 Lecturer 
18 27 November 2008 Teacher Educator 8 Lecturer  
19 03 December 2008 Teacher Educator 3 Course Director & Lecturer 
 
A total of 19 semi-structured interviews were conducted with 11 teacher educators in the 
period from April-December 2008. Each lasted for approximately 45 minutes. Some module 
leaders participated in two interviews and many were accessible for subsequent informal 
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conversations and validation of constructed accounts. Member-checking allowed the 
researcher to improve upon the accuracy of the data collected. The research interview 
schedule is provided in Table 8 above. 
Participant Observation  
Participant observation was used to gain an understanding of the culture and experiences 
represented in the teaching and learning environments in which teacher educators operated 
and pre-service teachers occupied. Eleven observations were conducted in lectures, 
laboratories and field trips during the period from September to December 2008, as listed in 
Table 9 below.  
Table 9: Research Observation Schedule 
# Date Module Title Educational Setting 
1 20 September 2008 Soil Science Lecture  
2 7 October 2008 Diversity of Organisms Lecture  
3 15 October 2008 Vertebrae Structure and Function Laboratory  
4 29 October 2008 Vertebrae Structure and Function Laboratory  
5 4 November 2008 Science Pedagogy Laboratory  
6 12 November 2008        Soil Science Laboratory  
7 14 November 2008 Diversity of Organisms Laboratory  
8 21 November 2008 Diversity of Organisms Laboratory  
9 26 November 2008 Soil Science Laboratory  
10 13 October 2010 Soil Science  Field Trip   
11 27 October 2010 Agricultural Science 1   Field Trip  
 
A framework for observation was derived from Morrison’s (1993, cited in Cohen, Morrison 
and Manion, 2011 p.457) four levels of observation, spanning the physical setting, human 
setting, interactional setting and programmatic setting. It also used the elements from 
Spradley’s descriptive question matrix (1980) that spans space, objects, actors, activities, 
acts, events, language, time and goals. These were chosen, as they resonated with Schein’s 
(2004) levels of culture model, particularly at the level of “artefact”. Shein (2004) describes 
an artefact as all the phenomena that one sees, hears, and feels when coming into contact with 
a new group with an unfamiliar culture. The observation models chosen allowed for a series 
of questions to be compiled and used by the researcher to capture experiences in the teaching 
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and learning spaces (see Table 10 below). Questions prompted the researcher to observe both 
the pre-service teachers and teacher educators in a structured and consistent format.  
Table 10: Observation Framework Devised for the Research                                                                                     




Questions to Aid Observation 
Physical  
(includes space and 
objects) 
• What do the physical spaces entail – the science laboratory, 
offices, lecture halls, tutorial rooms, offices?  
• How are they organised?  
• What physical objects are present – materials, equipment? 
Human  
(includes actors, 
activities, acts and 
events) 
• Who are the students/teacher educators involved?  
• What is their profile, e.g. age, ethnicity, gender?  
• What broad activities are students/teacher educators engaged in?  
• What individual actions do students/teacher educators take?  





• Who interacts and how?  
• What are the formal, non-formal, planned, unplanned, verbal and 
nonverbal interactions?  
• What language is used by students/teacher educators?  
• Is it technical?  
• Does this differ from “normal” discourse? 
Programme  
(includes time, goals) 
• What does the curriculum involve?  
• What are students/teacher educators trying to accomplish?  
• What teaching resources are used?  
• What pedagogical approaches are used?  
• What level of autonomy is present for student teachers?  
• What is the sequencing of learning that takes place over time?  
 
The researcher adopted a “participant as observer” (Junker 1960) stance. While her identity 
as a researcher was made known to pre-service teachers, she was facilitated to be actively 
involved in laboratory sessions, moving among students, asking occasional questions and 
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closely observing students’ interaction with each other, the learning environment and the 
learning processes. The researcher was an outsider to the Department of Science however, 
wearing a white coat and having knowledge of the discipline enabled her to interact with 
laboratory assistants and pre-service teachers in a meaningful and non-obtrusive way. Pre-
service teachers were accustomed to postgraduate researchers working as lab tutors, so this 
was not a strange occurrence. It also allowed for photographs of samples and scientific 
procedures to be taken, adding to the richness of data collected. The lecture setting was less 
interactive, but nonetheless very valuable from the perspective of gathering data on the 
communication of the discipline. Field trips allowed for the observation of students in 
varying environmental settings. Two field trips took place. The first was held on the banks of 
the River Shannon. The second involved a multi-site trip to a conventional farm, an organic 
farm and a commercial orchard. Engaging in field trips allowed the researcher a valuable 
opportunity to interact with laboratory assistants, as well as seeing how students responded to 
observing science (biology) in a real-world setting. 
 
Note-taking was conducted in tandem with observation, as a form of a permanent record of 
observations. During lectures, laboratory sessions and field trips, notes were made at ease. 
During interactions with module leaders, mental notes or brief jotted notes were captured and 
later expanded into full notes, which were subsequently used as the main source of data 
(Bryman 2006). A researcher should not return to an observation setting until notes from a 
previous observation are complete, as to do so will diminish the quality of impressions of the 
first observations by superimposing a more recent set (Cohen et al., 2017). 
 
Focus Groups 
Focus groups involve engaging a small number of people in an informal group discussion, 
centred on a topic or set of issues (Wilkinson, 2004). They are a form of group interview that 
draws upon communication between research participants in order to generate data. They use 
group interaction as part of the method. Participants are supported to comment on each 
other’s inputs, to ask questions and to share anecdotes (Kitzinger, 1994).  
Three focus groups were conducted with undergraduate pre-service teachers in May 2008. 
Focus groups comprised six to eight pre-service teachers in the third year of the Science 
Education programme. Each lasted for 35-40 minutes and were audio recorded for accuracy. 
Questions were open-ended and invited students to share their experiences. 
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The purpose of the focus groups was to gain an understanding into student attitudes and 
perceptions of the Science Education programme in relation to content and delivery. Students 
were asked to describe significant aspects of their experience to date and to give their views 
on the integration of ESD into their programme. Questions focused on three areas: (1) their 
experiences of learning science on the programme; (2) the challenges that the programme 
posed; (3) their views on DE/ESD, as it relates to science education. A list of questions posed 
is presented in Appendix B.  
Ethical Considerations 
Ethical concerns evolve around topics of informed consent, privacy and protection of 
participants from harm (Sanjari et al., 2014). To ensure that the research was conducted in an 
ethical manner, the research design and tools were submitted for review by the College of 
Education Research Ethics Sub-committee, with approval granted in May 2007.  
 
Before starting the data collection, the researcher provided an information session for 
prospective teacher educator participants. This outlined the goal of the research and the 
methods through which desired outcomes would be achieved. Those who volunteered to take 
part were provided with a Research Information Sheet (Appendix C) and an Informed 
Consent Sheet (Appendix D) in advance of interviews. Consent sheets were signed by 
participants before data collection began. 
 
Pre-service teachers were invited via email to take part in focus groups regarding the 
integration of ESD into their programme. Those who expressed an interest in being involved 
were provided with an Information Sheet (Appendix E) and Consent Sheet (Appendix F), the 
latter of which was signed before the focus groups took place. During the research, 
participants were encouraged to share their opinions in a comfortable and safe environment.  
 
All participants were reassured, upon agreeing to take part in the research, that their 
involvement was voluntary and that they had the right to withdraw at any stage. Data 
collected during interviews and focus groups was recorded and transcribed to ensure 
accuracy. Data was stored at a secure location at the University of Limerick and accessed 
only by the researcher. Neither the HEI nor the participants were named on the transcripts or 
subsequent documents. It is important to note however that due to the uniqueness of the 
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study, it was not possible to guarantee the anonymity of the teacher educators in all 
situations. To overcome this, participants were invited to view their transcripts and given the 
opportunity to withdraw statements and data as they saw fit. The researcher also sought 
clarity on points that remained ambiguous from interview responses.  
 
The participant HEI institution is not named in this document. Text identifying the institution 
in the References and Appendices of this document have been redacted to maintain 
anonymity of the research participants and HEI involved in the research. 
Data Analysis 
Data analysis implies an: 
interpretation of the meaning, functions, and consequences of human actions and 
institutional practices, and how these are implicated in local, and perhaps also wider, 
contexts (Hammersley and Atkinson 2007, p.3). 
 
Primary data that emerges from an ethnographic study is that that which is collected in the 
field, typically constituting notes from observations, conversations, interactions and 
transcripts from interviews. In order to analyse data in a coherent manner, data must be 
organised and managed throughout. There are a variety of methods and approaches that can 
be used to do this. Each method recommends approaches to ensure that clear and thorough 
notes are organised and arranged according to categories, concepts or themes, allowing for 
the necessary iterations of analysis that can result in well-grounded and developed theories.  
 
In ethnographic research, the researcher seeks to make sense of the data and interpret it from 
within the cultural context of the research environment. They must respond and adapt to data 
as it emerges, seek clarification, confirm accuracy and identify and explore particular lines of 
enquiry. The qualitative researcher is open to unusual or unexpected responses from subjects 
and adapts questioning and analysis to account for this. Their insights and interpretation 
determine the quality of the analysis (Wolcott 1980; Miles and Huberman 1994; Braun and 
Clarke 2006; Flick 2006; Silverman 2006; Corbin and Strauss 2008; Merriam 2009).  
 
Data analysis in ethnography is not a distinct phase of research. Rather, it is a process that 
starts at the formation of the research question and continues through the fieldwork and into 
the construction of the final ethnography (Richie et al., 2003). Whitehead (2005, p.5) 
describes ethnography as “a process of discovery, making inferences, and continuing 
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inquiries in an attempt to achieve emic validity”. Each step in analysis informs further data 
collection and analysis until concept saturation is reached. In line with “grounded theory” 
approaches, it is a cyclical process in which theories emerge from data analysis and reflection 
(Hammersley and Atkinson 2007). 
 
The researcher’s view on what they are looking for may partially or completely change 
during the course of the research, but through the research process the inquiry becomes more 
focused on a clearly defined and more specific set of research questions and a search for data 
that provides evidence of emerging findings or theories relating to these questions. Analysis 
and reflection of notes/data from participant observations can give rise to initial “theoretical 
notes”; for example, the clarification of an idea, identifying an unsuspected situation, or the 
formulation of a new hypothesis (Hammersley and Atkinson 2007). 
 
The grounded theory approach is the most widely used framework for analysing qualitative 
data (Bryman 2000). Analysis of data in ethnography is inductive and comparative. It is about 
identifying common themes, patterns or categories that transcend and emerge from the data 
(Merriam 2009), and using them to develop hypotheses and theories, avoiding all prior 
hypotheses (Spradley 1980; Strauss and Corbin 1990; Silverman 2006). Researchers treat 
their concepts or ideas of a theory as open and revisable – a process referred to as inductive 
logic (Bryman 2008). The researcher builds theory from the specific to the general, ensuring 
that the emerging theory aligns with all the relevant collected data. As such, it is inductive in 
nature. The theory should make sense to the participants and become “a set of meanings 
which yield insight and understanding of people’s behaviour” (Cohen et al., 2017, p.23). 
Emerging concepts or theories can be used to shape and guide systemic data collection, 
which in turn is analysed to see if it supports (or contradicts) the emerging theory (Bryman 
2000). Patton notes that the best interpretations arise from the researcher’s logical extensions 
of the simple description to include contemplative, speculative or even aesthetic elements 
(Patton 2015). 
A thematic approach was used to analyse the data in this research study. The five stages of 
data analysis are described here. Stage 1 allowed for the researcher to read the data in full and 
to become “familiar” with the content (Wolcott 1994; Merriam 2009). Areas of interest and 
potential relevance (Merriam 2009) were identified, as well as surprises and inconsistencies 
in the data (Hammersley and Atkinson 2007). Notes were made during this process, and 
memos written relating to individual pieces of data (Corbin and Strauss 2008). From the 
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initial reading, and arising from the conceptual framework and literature review, a number of 
potential main headings/themes were loosely identified. 
Stage 2 involved coding. Subsequent readings allowed for all relevant data to be segmented 
and assigned a “code” to denote a feature of the data that appeared interesting or relevant to 
the research (Braun and Clarke 2006). In line with the recommendation by Richie et al. 
(2003), all potential codes were indexed under main headings/themes. Subsequent re-readings 
allowed for data to be mapped to existing codes, using the numbering system in place, and for 
new codes to be derived, as required.    
Stage 3 involved defining themes and applying the coding scheme. Initial themes or headings 
identified in Stage 1 were “sensitising concepts”, merely giving an indication of possible 
avenues for exploration (Hammersley and Atkinson 1995, p.212). This stage of analysis 
involved a review of drafted themes based on the codes identified. While some themes were 
prompted by literature (deductive categories), others were data-driven (inductive) (Boyatzis 
1998). The researcher challenged themes, reverting to data and codes to identify the most 
appropriate themes for the research context. Merriam (2009) notes that more often than not, 
in ethnographic studies, themes arise out of data.  
To compile data relating to each emerging theme, the researcher used Ritchie and Spencer’s 
(2002) matrix-based analytical model to generate thematic charts. Categories were 
represented in an index card, with the name of the theme at the top. Related codes were 
placed underneath, together with a reference to all data relating to that code (e.g. by interview 
number, page and line). This model allowed the researcher “to move back and forth between 
levels of abstraction without losing sight of the ‘raw’ data” (Richie et al., 2003, p.220). 
Thematic charts were constructed in Excel, in line with the template shown in Table 11 
below.  
Table 11: Thematic Chart, Based on the Framework Approach                                                
(Source: Richie et al. 2003, p.234) 
THEME 1 – THEME NAME 
 Code 1.1 Code 1.2 Code 1.3 Code 1.4 
Interview 1 “excerpt” (+ page 
and line number) 
“excerpt” (+ page 
and line number) 
“excerpt” (+ page 
and line number) 
“excerpt” (+ page 
and line number) 
Interview 2 as above as above as above as above 
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Interview 3 as above as above as above as above 
 
Stage 4 involved reviewing and testing themes. The process of reviewing themes opens up 
the data (Richards 2009). It can be a lengthy and uncomfortable process but results in 
“definitive themes” upon which interpretation will be based. In working with the data, 
understandings evolve, and subtleties that were previously dismissed may now seem 
important. Immersion in the data and dwelling on the data deepens the researcher’s thoughts, 
leading potentially to “aha” moments, or flashes of inspiration or insights (Corbin and Strauss 
2008, p.196). Merriam (2009) notes that themes must relate to the research question but that 
they must also be sensitive to the data: they must capture the nature and sense of the contents 
of the theme. They must be exhaustive: there should be enough themes to encompass all 
relevant data. They must be mutually exclusive: each piece of data is relevant only to one 
theme. In addition, themes must be congruent: they should all be at the same conceptual level 
(Merriam 2009).  
As the researcher reviewed the themes, those with inadequate data to support them were 
removed and their codes reallocated, as appropriate. Themes were merged in instances where 
codes were relevant across themes. Others were renamed to better reflect the codes within. In 
some instances, codes became themes where the associated data was deemed to be 
significant. In other cases, where data provided a strong case for interrelated topics to be 
considered separately, themes were divided in two. As new themes emerged, it was necessary 
to reread previously coded data, to see if it contained any examples of the new code 
(Hammersley and Atkinson 2007). The researcher re-engaged with research participants, to 
find out more about areas of interest that emerged. With themes finalised and coding 
reworked, the researcher wrote an account of each theme in relation to the research question.  
Finally, Stage 5 involved the interpretation of themes. The desired outcomes from data 
analysis include organised, descriptive themes reflected in the data and, where possible, high-
end models and theories that explain them (Hammersley and Atkinson 2007; Merriam 2009). 
Themes provide a structure against which the researcher can describe their findings. Strong 






While ethnography is a flexible and useful research method, it has some shortcomings. Miles 
and Huberman (1994) draw attention to the challenge of conducting data collection and data 
analysis in tandem. The researcher may need significant time to process and analyse initial 
data before returning to the field to collect further data and test inferences. Yet, access to the 
setting may be limited or not feasible for accommodating the researcher’s repeated requests, 
which can result in a potential shortfall of data. In addition, naturalism, with its emphasis on 
capturing data, can result in the researcher spending longer in the setting, and less time on 
analysis. Situations can therefore be under-analysed (Hammersley and Atkinson 2007). In 
this research, time spent in the research setting was limited to selected educational settings. 
Validity and Reliability 
Research is a form of inquiry that is characterised by being systematic and by adopting 
rigorous standards for making claims. The more commonly used terms are validity and 
reliability. However, these terms were developed more with the positivist quantitative 
researcher in mind, and the very nature of measuring such things is debated by qualitative 
researchers. While authors such as Silverman (2006) argue the importance of validity 
considerations, others suggest that qualitative research should be judged on the basis of 
trustworthiness and authenticity (Bryman, 2008). This is reflected in Table 12 below. 







Question to the 
Qualitative 
Researcher  
Methods Used to 
Test This for 
Qualitative Research 
Is it credible? Internal Validity – is it 
an accurate representation 





Is it transferable? External Validity – are 
the findings generalisable 
across social settings?  




Is it dependable? Internal Reliability – 
would multiple 
researchers agree? 
If it were repeated, 
would the same 
findings emerge? 
Auditing Approach  
Can it be confirmed?  External Reliability – 
can it be replicated? 
Has the researcher 
biased the findings? 
Again, it is difficult to 





Validity of Research 
Validity of research refers to the integrity of the conclusions that are generated from the 
research. It is “the extent to which an account accurately represents the social phenomena to 
which it refers” (Hammersley 1990, p.57). “Internal validity” indicates that there is a good 
match between the researchers’ observations and the theoretical ideas that they develop 
(Lecompte and Goetz 1982). In qualitative/interpretivist terms, it may be referred to as 
“credibility” (Guba and Lincoln 1994).  
To address this challenge, the researcher put in place a structured research framework to 
accurately capture the participants’ views. This involved a scheme for data collection, 
analysis and interpretation that involved iterative cycles of collection, analysis and feedback. 
Interpretations were presented to participants in a clear manner. The researcher conducted 
participant validation through member-checking. During this process, participants involved in 
the research were consulted to seek confirmation of the data recorded and the accounts 
generated. Such co-construction of ideas is an important tenet of ethnography and aligns with 
a constructivist approach to research.  
Triangulation is at the heart of ethnographic validity, improving the quality of data and the 
accuracy of ethnographic findings (Brewer 2000; Bryman 2008; Fetterman 2010). It may be 
described as the combining of methodologies in the study of the same phenomena (Denzin 
1978), in order to detect errors in inferences that may render the analysis inaccurate 
(Hammersly and Atkinson 2007). It works on the basis that if findings from one approach 
complement the other, then validity is established (Silverman 2006). Method triangulation 
(Silverman 2006; Denzin 1970) was used in this research. This involved an examination of 
data on a single phenomenon arising from different data collection methods – in this case, 
interviews, participant observation and focus groups. Triangulation in ethnography can be 
problematic however as different methods of enquiry may not easily be compared. Given the 
complexity of a number of conceptual, methodological, ethical and practical issues, 
triangulation in ethnography type research can be difficult to successfully complete (Reeves 




A shortcoming of the direct involvement of the researcher in data collection and analysis is 
their own subjectivity and hence the potential for bias and preconceived ideas. Sources of 
bias include the interviewers’ prior views and attitudes, and misunderstandings of the 
meaning of questions or responses. Merriam (2009) notes that rather that attempting to 
remove the bias, the researcher should identify and monitor how they may influence the 
collection and interpretation of data. Objectivity and confirmability are concerned with 
ensuring that the researcher has acted in good faith, and not allowed personal values and 
ideas to sway the conduct of the research. While it is acknowledged that complete objectivity 
is not possible in qualitative research, in the interest of creating relationships, confirmability 
is achievable.  
Reflexivity is an important part of the ethnographic research process. In relation to social 
research, it is an acknowledgement that the outcomes of research can be influenced by both 
the involvement of the researcher and the research process itself (Aull Davies 2008). Given 
the central role of the qualitative researcher in data collection, interpretation and analysis the 
potential for influencing is significant (Merriam 2009). Reflexivity in its broadest sense 
means ‘to turn back on oneself’; it means to engage in self-examination (Aull Davies 2008), 
to be self-aware (Finlay and Gough 2003). To use a critically reflexive approach, the 
researcher must be aware of the ways in which their involvement in the study may influence, 
act upon or inform the research (Nightingale and Cromby 1999). Reflexivity does not require 
the researcher to surrender their subjectivity and adopt an objective stance. Rather, it requires 
their individuality “to be acknowledged, explored and put to creative use” (Aull Davies 2008, 
p.8). To incorporate reflexivity in the research process, the researcher recorded (in research 
diaries) her own thoughts, feelings, impressions, motivations, interests and attitudes at 
various stages of the research and reflected on how these might impact the research (Biklen 
1992; Finlay and Gough 2003; Flick 2006).  
Reliability of Research 
Reliability of research relates to “the degree of consistency with which instances are assigned 
to the same category by different observers or by the same observer on different occasions” 
(Hammersley 1992, p.67). It is concerned with the repeatability of a particular set of research 
findings. Internal reliability refers to agreement among individuals in a research team on what 
they see and hear throughout the research process. External reliability refers to the degree to 
which the study can be replicated. (Lecompte and Goetz 1982). 
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As with validity, the concept of reliability in research originated from the positivist scientific 
tradition. This raises an issue in qualitative research: as we treat society as being in a constant 
state of flux, we might not expect the same results, if a study was to be repeated. For many 
qualitative researchers, reliability is a false standard, since the experience of the researcher, 
and their professional but subjective interpretation of the research materials, is an essential 
part of qualitative methods. Qualitative researchers place a greater emphasis on 
“dependability”. Bryman (2008, pp.378-379) suggests that in order to provide evidence that 
the research is dependable, the researcher should adopt an “auditing approach”, by keeping 
complete records of the research process – including problem formulation, selection of 
research participants, fieldwork notes, interview transcripts, and data analysis decisions. This 
was done as part of the research during the data collection and analysis phase, and the records 
were used in the development of codes, themes and subsequent narratives. Silverman (2006) 
adds to this by indicating that reliability can be increased when multiple researchers analyse 
the same data and obtain the similar results. This was supported in the research through 
reviews of data with supervisors and discussions on emerging codes.   
In conclusion, this chapter provides an overview of the ethnographic-informed methodology 
used to reflect the lived nature of science as an academic discipline in the context of the 
Science Education programme. Interviews, participant observation and focus groups were 
used to collect data, which was analysed using a thematic approach. This resulted in a 
number of thematic areas reflective of the research question and for consideration when 
seeking to integrate Education for Sustainable Development. 
 
Chapter 4: Findings 
This research seeks to explore the lived nature of science as an academic discipline in the 
context of the Science Education programme, in order to identify approaches to embedding 
ESD. This chapter provides a synthesis of the findings arising from 19 interviews with 11 
teacher educators, 3 focus groups with 21 pre-service teachers and 11 observations of science 
education settings. Analysis of data involved iterative reviews, categorising and coding. It 
resulted in the emergence of six key themes associated with the research question: (1) the 
nature of scientific knowledge; (2) norms and practices associated with science; (3) how 
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science is communicated and taught; (4) external influences on science; (5) ethics and values 
associated with science; (6) programmatic considerations. These themes were further 
collapsed and categorised into three overarching sections, namely: the structure and nature of 
scientific knowledge; the culture of science; science and society.  
The Structure and Nature of Scientific Knowledge 
This section presents findings that show how scientific knowledge is vast, changing and 
technical and that it is organised into disciplinary and specialist areas. It highlights some of 
the considerations and challenges that face teacher educators in the development of science 
education curricula, as well as some experiences of pre-service teachers’ engagement in 
modules.  
Scientific Knowledge is Vast, Expansive and Changing  
Interviews with teacher educators reaffirmed that the knowledge associated with science is 
vast, expansive and continually building. Teacher educators spoke of the sheer scale of 
scientific knowledge associated with their research areas and the need to keep abreast of 
developments and publications.  
When speaking about determining how to structure modules for pre-service teachers, many 
participants noted that the process of selection of material focused on providing the basics of 
the scientific area in sufficient depth as to provide them with an understanding of the key 
concepts:  
It’s about getting across the fundamentals, the core ideas while also giving them a feel 
for the scope of the area, and basic techniques … it’s difficult to get the whole subject 
encapsulated in 12 weeks (Teacher Educator 5).  
 
The same interviewee went on to explain about microbiology: 
We’re trying to give a little bit on how it impacts on health, food, the environment and 
the industrial applications, which is the other side of it ... it’s a science that touches on 
a lot of things (Teacher Educator 5).  
 
Reflecting the changing nature of the knowledge base of science, one educator noted how her 
module reflects change from year to year: 
I say here’s the dogma on this and I say next year I’ll be teaching a different dogma 
guys … because someone will discover something new in this process and I have to 




Another interviewee described how the practice of microbiology has changed over the years 
from knowledge on a few select microbes to assembling complete genomes from single cells. 
He noted how technology has contributed to this, and described how textbooks and 
publications have changed to reflect this:  
Books are being constantly published on this … if you go back to an older textbook 
you’ll find that really it is invariably very out of date in comparison to the modern 
stuff (Teacher Educator 5). 
 
Noteworthy too was his frustration about the fact that students do not get to experience how 
science was conducted in years gone by. The same participant noted that while the basic 
fundamental information he learned in college is still relevant today, because of expansive 
growth in the field, this is no longer covered in degree programmes. He noted: 
We don’t spend the same time on looking at things that I looked at in detail as a 
microbiologist 20 years ago, and in some ways I think it’s wrong. There isn’t enough 
time to do it, so you quite often find [that] people who class themselves as 
microbiologists nowadays don’t have the same core information that I have as a 
microbiologist (Teacher Educator 5). 
 
One teacher educator explained that change is particularly common in biology-related areas 
of science. She noted that there are more absolutes in physics and chemistry, where things are 
largely measurable and predictable, but that: 
In biology, there’s a softness because things are in flux and knowledge is in flux and 
we only know the tip of the iceberg (Teacher Educator 4). 
 
The “iceberg” is the expanding understanding of how natural systems work and interact. As 
science becomes more quantitative and technical, more can be gleaned from scientific 
inquiry. Genetics and cell biology were given as an example – these now operate at molecular 
level, with complex intermolecular interactions at play. Referring to this change and 
uncertainty, she went on to say: 
I want them to be aware really young in their careers that we are only making our best 
estimate from the data that we have, what we think is going on (Teacher Educator 4). 
 
Similarly, in relation to ecological monitoring, such as population density and environmental 
protection, precise measurements are important:  
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Areas of environmental science are extremely quantitative; when you look at 
environmental control for example, and pollution control, and you know these require 
a high level of knowledge of chemistry and even maths as well (Teacher Educator 
10). 
 
Science Has Multiple Sub-disciplines and Specialist Areas 
Interviews with teacher educators also lead to conversations on disciplinarity within science. 
They explained that science has numerous sub-disciplines, fields of study and specialist areas 
and that specialising is the norm in science. As one teacher educator observed:  
The study of science has become narrower and narrower, and there is a greater 
tendency to put labels on those narrowing disciplines: are you a biologist, or are you a 
zoologist? Are you a biochemist, or a biologist? Are you a food scientist, or a 
biologist? Or a botanist, or biologist? (Teacher Educator 3). 
 
The participants spoke of their career paths, and decisions to specialise and to move into 
particular areas of study. They spoke of their interest in the field and their passion for their 
work. One interviewee recalled: 
I joined a research group with my Final Year Project supervisor … I did a PhD … 
stayed there for post-doc as well … it was something that really interested me … I 
established a research group. I brought in my own funding … I travelled a lot, became 
part of various committees and government departments, and took part in negotiations 
(Teacher Educator 9). 
 
They spoke of the development of new sub-disciplines within science, and how new and 
emerging technologies have allowed for greater exploration, in quest of explanations for how 
natural systems are. One interviewee noted: 
Molecular ecology didn’t exist years ago and now there are entire journals devoted to 
it (Teacher Educator 10). 
 
Another participant indicated the degree to which scientific applications are impacting 
society and development. Speaking about developments in the discipline of science, he noted:  
There are whole new areas in biology relating to health, biotechnology, the 
microbiology, the gene manipulation and also the prospect, the real serious prospect is 





Topics and areas of study in science can be independent, or they can be interrelated. Teacher 
educators spoke of the importance of seeing links between different aspects of science, but 
that we do not always achieve this in the teaching of science. One participant explained: 
Soils link with many things like engineering, climate change, hydrology, geology, 
biodiversity perhaps, biometric quality. Agriculture is closely linked with food 
science, water issues as well, and to environmental issues, economics of course and 
human health (Teacher Educator 9). 
 
The combining of science with social sciences and humanities was also mentioned as forging 
new career paths for scientists. Such interdisciplinary expertise is necessary for the 
development of policy, to ensure that science is accurately and appropriately considered. One 
interviewee recalled attending a conference describing the “socio-biologists” that he met as:  
Guys in suits who don’t go in the lab anymore, but they have to be able to look at the 
implications of practice to inform science policy (Teacher Educator 5). 
 
Agriculture was specified as an area that has expanded into other specialist areas, as noted in 
the statement: 
Agriculture has moved far more into the area of food science and technology. It has 
moved into the areas such as rural and environmental protection, organic production, 
forestry, recreation … we have to look at the alternatives to agriculture in terms of the 
old model (Teacher Educator 3). 
 
Scientific Knowledge is Diluted for Pre-service Teachers 
Teacher educators noted that pre-service teachers are provided with a broad science education 
across a range of sub-disciplines, rather than in-depth knowledge of any one area. At the time 
of data collection, pre-service teachers engaged in 16 biology-related modules over the 
course of their programme. These spanned areas such as physiology, microbiology, 
biochemistry, genetics and agriculture.  
In referring to the general nature of the Science Education programme, and the contributions 
of many lecturers in a variety of disciplines, one teacher educator noted:  
It has to be a bit of a ‘capture all’ and give everybody a taste of everything … I don’t 
really know how they can get around that, because everyone’s going to see their 




Based on the overview of modules provided by interviewees, it was clear that modules 
focused on hard knowledge, providing the key concepts relating to each area of study. The 
modules on “general biology” provided the student with a broad introduction to a range of 
topics or areas of study which are then followed up upon by dedicated modules in subsequent 
semesters. One interviewee indicated that modules are: 
Very general … that they have to be different from modules that are taught in other 
programmes – let’s say a genetics module taught to somebody who is training to be a 
geneticist versus somebody who is training to be a teacher (Teacher Educator 10). 
 
One teacher educator explained that genetics has changed dramatically over time and is now 
studied at molecular level, which would be too specialised for someone preparing to be a 
science teacher. What are more appropriate for the pre-service teacher in this context are:  
The conceptual ideas in genetics that are much broader, and that people need to sort of 
appreciate and get a grip of (Teacher Educator 10). 
 
Similarly, another teacher educator noted: 
As a pure biochemist [I find that] the concepts are really quite deep and it’s not 
appropriate for students [who] are going to teach biology to students at school level to 
have that information. They can have it if they have an interest, but it’s not necessary 
for them. They just need a global view of catalysis and how enzymes contribute to the 
cell function (Teacher Educator 4). 
 
In relation to developing practical skills: 
In terms of their scientific thinking, they should have a taste or appreciation for 
what’s necessary to carry out good science … about rigour and application and 
patience … to have critical abilities … [I] wouldn’t go so far as to say sceptic, but 
critical you know, the ability to stand back from things, [not to] accept information as 
a given, be prepared to look at it, you know (Teacher Educator 5). 
In focus groups, some pre-service teachers indicated frustration at the depth of knowledge 
presented in some science modules, indicating that it is beyond what they need to be teachers. 
One asked: 
Why do I need to know so much about this, when it’s not on the school syllabus? … 
We should be spending more time learning what we’re actually going to teach (Pre-
service teacher 6). 
 
 Another stated: 
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The modules we do, we’ll most likely never teach and we’re missing out on huge 
parts of the Leaving Cert syllabus (Pre-service teacher 2). 
 
Pre-service teachers also referred to the nature of the knowledge content presented in the 
programme. Some noted that they felt ill-equipped to teach science at post-primary Senior 
Cycle level, as they had not studied the content of the syllabus in detail. This was particularly 
the case for those who had entered the Science Education programme, having completed just 
one of the science subjects (physics, chemistry and biology) to Leaving Certificate 
examination level. In speaking about their preparation for school placement, one student 
noted: 
I just had biology coming in, and I still have to go through the book to go see what 
I’m meant to be doing … you’d think in first year they’d cover that inside out and 
upside down (Pre-service teacher 6). 
 
Another added: 
I often think [that] maybe in first year … they should start with more basic stuff, well 
I know myself I didn’t do chemistry or physics and I was in first year, at the point of 
pulling my hair out (Pre-service teacher 1). 
 
Another stated: 
I feel like if I was teaching a Leaving Cert physics class, they’d know more than me 
… whereas [with] biology I’d be comfortable enough (Pre-service teacher 5). 
 
While some focus group participants indicated that they enjoyed science modules and found 
them beneficial, others pointed out that the depth covered in modules was excessive for the 
purposes of science teachers.  
We’re are taught way and above what we need to teach at Leaving Cert level but if we 
were taught how to teach it effectively, it would be better (Pre-service teacher 2). 
 
In terms of selecting the curriculum for pre-service teachers, teacher educators noted the 
difficulties in ensuring that appropriate and adequate depth is presented for each sub-
discipline within the timescale of an individual module. Referring to this challenge, one 
teacher educator noted: 
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You can’t fit it all in or anything like that, but at the same time, you want them to get 
a feel for it, and you want to do justice to your area, but there’s only so much you can 
cover (Teacher Educator 10). 
 
Modules are Strongly Framed and Largely Prescriptive  
From observations in labs and lectures, modules offered to pre-service teachers seem to be 
strongly framed. Observations from lectures showed that teaching styles are largely didactic 
with a focus on transmission of knowledge. The teacher educator controls sequencing and 
pacing of knowledge, what is to be learned and what is to be examined. While students are 
given autonomy to carry out their own laboratory work, laboratory sessions are largely 
structured, and procedures are provided.  
In one laboratory session, a test was given at the start of class examining learning from the 
previous laboratory. This took the form of five short questions that were handed up for 
marking, contributing to marks for their final grade. This again indicates the focus on 
building competence in the theoretical components of the programme.  
Data from both interviews and observations identified that some students were more 
concerned with getting the correct outcome in scientific procedures than engaging in genuine 
scientific inquiry. This is a significant finding that reflects their attitudes to the completion of 
their ITE programme. One teacher educator explained the fear and frustration that she 
observed in pre-service teachers as they grappled with unexpected results, stating:  
All the first years want to do is write up their lab report. They’d ask ‘What is the 
answer supposed to be?’  You know … the biuret test, it goes from blue to purple. 
One person got a funny colour, and was saying ‘Oh my God, it’s not the right 
answer,’ but I tried to work with her and said, ‘But why did you get that colour?’ … 
She said, ‘But it doesn’t matter, I just want to get it right’ (Teacher Educator 7). 
 
One teacher expressed a concern that pre-service teachers were not truly grasping the 
investigative and research element of science in the programme. He noted that: 
They seem to get flummoxed when asked to explain what they see happening in 
investigations (Teacher Educator 3). 
 
Giving an example of conducting a practical on the immobilisation of an enzyme, he noted: 
They are well capable of doing the practical side, adding this and adding that, and 
waiting for colour change, or waiting for the beads to form, but when asked what the 
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scientific explanation for this was, their responses were quite superficial (Teacher 
Educator 3). 
 
The emphasis on assessment was also expressed in focus groups. Students explained that they 
liked to plan their engagement with the programme around the assessment criteria, and were 
not pleased when this was not made clear to them. One noted:   
We had Ag[ricultural] Science, and we were 6-7 weeks in, and we still didn’t know 
what the exam was going to be like (Pre-service teacher 15). 
 
And again, concerns were raised about lack of clarity on what was required for assessment:  
Just take a recent example, we were on a field trip there yesterday, and nobody knows 
what’s actually expected for the write up – nobody knows what we’re meant to be 
doing (Pre-service teacher 10). 
 
Other comments relating to assessment reflected the magnitude of work to be completed by 
pre-service teachers, suggesting that their focus was on completion, rather than on learning. 
One noted: 
There are a lot of assignments and course work. You have to, you know, be a bit 
strategic in how you work, so that you can do well. It would be nice to have more 
time but it’s just not the case (Pre-service teacher 2). 
 
With regard to self-directed learning through the reading of texts and journals, one lecturer 
noted that many students do not engage in this activity, commenting:   
Very few of them do independent reading, because certainly I provide a lot of 
material to them and their objective is to get the exam, of course. But hopefully 
they’ll pick up some stuff and retain it along the way (Teacher Educator 9). 
 
Another commented:  
We don’t ask them [pre-service teachers] to read enough (Teacher Educator 4). 
 
A prevalent theme that emerged from the focus groups was the development of a 
compendium as part of the Science Pedagogy module. One module tutor explained that the 
focus for that module was the completion and write-up of the 22 Senior Cycle biology 
mandatory experiments, the idea being that students would build competence around the 
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theory, practice and potential outcomes of these procedures.  The write-up would be 
compiled into a compendium, which included the procedures and results along with:  
A scientific explanation of what happened in the experiment, suggestions for trouble 
shooting, suggestions for alternative approaches and an overview of websites that 
would be relevant (Teacher Educator 1). 
 
The compendium would be a “go-to” for the pre-service teacher, when working through the 
procedures in the classroom. Some felt it was beneficial exercise: 
There’s a lot in it. It’s nice to have it as a reference when we’re doing this stuff in 
schools (Pre-service teacher 11). 
 
And: 
We did the risk assessment for the experiments and that was good … and we looked 
at websites and found really good interactive stuff that you could use … I think it was 
really worth it (Pre-service teacher 16). 
 
However, others questioned if the time required to complete this was worthwhile, with one 
stating:   
There [are] a lot of assignment type of things going on. We shouldn’t really have to 
put so much time into writing that up (Pre-service teacher 18). 
 
Some examples of flexibility within the delivery of content also occurred. In the academic 
years 2008, 2009 and 2010, pre-service teachers were asked to complete an ESD-related 
assignment for their Soil Science module. The assignment took the form of a 1,500-word 
essay, to be completed by each individual, on a subject of their choice, but guided by nine 
broad essay titles. The assignment would account for 20% of the pre-service teachers’ end 
grade for the module. Titles were sufficiently broad to allow students to write about an area 
that interested them. They could add a subtitle to reflect their chosen area. Titles were related 
to the module of study and also ESD themes. They included organic farming, water 
provision, bio crops, soil quality and climate change.  A focus of the assignment was to give 
students autonomy to select and research a topic of interest to them. Criteria were set out and 
assignments marked according to these. The result was positive, with well-constructed 
accounts provided by many students. 
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The quality of the essays was in general quite good … students had conducted some 
research around the topic and presented sound arguments, for example the pros and 
cons of intensive farming. Many seemed genuinely interested in it (Teacher Educator 
9). 
 
Shortfalls in the Transfer of Knowledge Are Apparent 
Clearly, course material must be organised in a manner that is manageable and feasible for 
students to engage with. However, some teacher educators noted issues resulting from 
modularisation of content. One observed that it creates unnatural divides between aspects of 
science, stating: 
We are imprinting upon their mind that there is a divide in sciences: physics, 
chemistry and biology (Teacher Educator 11). 
 
Another expressed concern and the amount of material that is presented in modules, and that 
students fail to make connections with what they have learned in previous semesters or in 
other modules. He stated: 
Sometimes, we have to cram information into a format that doesn’t let them see what 
it actually means, and the significance of it. Now, we may be hoping for a lot in first 
years … actually, because even with second years, what I’m seeing here is that 
they’re not making the links between the different components (Teacher Educator 5). 
 
The same teacher educator described his surprise, when he asked pre-service teachers to 
recall a previous module where they created microbial cultures using everyday materials. He 
explained that they had grown bacterial cultures using their own skin and hair samples, but 
failed to be able to recount this, specifying: 
The labs were designed to show them what (bacteria) is actually on their own skin and 
hair … it blows my mind that they don’t remember this, because they seem to enjoy 
the labs associated with it (Teacher Educator 5). 
 
Reflecting on this example, he explained that students tend to “compartmentalise” 
information into modules, and at times, fail to bring the learning with them to subsequent 
modules. Transfer of learning from lectures to labs is also questionable. One teacher educator 
explained:  
I could say to them, ‘Look, this will be covered in laboratories, so you should 
probably read up on these particular sections of the lectures,’ But, that didn’t seem to 
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happen, almost universally … In a class of 250 students, I didn’t pick up on anybody 
who came prepared (Teacher Educator 5). 
 
And yet, understanding the interconnections between living things and systems is an 
important aspect of science. When asked what is important for pre-service teachers to know, 
one teacher educator emphasised this, stating:  
I’d like them to see interconnectedness, that you can’t look at things in isolation. 
Certainly, things like soil, water and air management are very fundamental to 
environmental quality, let’s say, but yet we need food production, and this impacts on 
all of these (Teacher Educator 9). 
 
Time Constraints Are an Issue for Pre-service Teachers  
As part of focus groups, pre-service teachers were also asked about their engagement with 
scientific knowledge and the programme. 
A recurring theme that presented was the intensity of the programme. They indicated the time 
constraints and pressurised nature of the programme, and as such, made judgements on the 
value of some work over other tasks. One pre-service teacher commented:  
We’re always busy, we have lectures and labs as well as tutorials and then we’ve 
teaching practice too and all the assignments on top of that. There just isn’t time to 
think, and you’re not going to spend time on something that doesn’t have marks (Pre-
service teacher 11). 
 
The participants spoke of being strategic in terms of the time they put into various aspects 
and being guided by assessment as a means to succeeding in the programme. There certainly 
was a sense of survival. When referencing the aforementioned compendium, some were 
critical and indicated that this was not a good use of their time: 
The background information, and the scientific information – we know that so we 
shouldn’t have to write it out … it took me three days to copy and paste the whole 
thing … and it was worth 20% (Pre-service teacher 6). 
 
They questioned the focus on assignments and the pressure that they were put under to 
complete multiple tasks. Speaking about the completion of the compendium in the Science 
Education module, they noted: 
It was worth a really small percentage at the end as well. It was crazy … and there’s 




It would seem, from focus groups, that some students feel this focus on assessment also 
transcended into post-primary schools. When speaking about ESD, one student commented:  
If it’s not exam they [the pupils] are going to brush over it. They are not going to pay 
attention to it (Pre-service teacher 10). 
 
Another said:  
You are under pressure from the students and the parents to help them get the best 
results they can. Sometimes, that takes over (Pre-service teacher 17). 
 
Yet, one tutor contradicted this view-point, saying that particularly for students coming into 
the programme without Leaving Certificate biology: 
They need to have the technical skills involved to actually be able to do those 
experiments and be able to teach them to a class and work with a group of people … 
so that is obviously absolutely necessary and needs to be done (Teacher Educator 2). 
 
When asked, in focus groups, what they found useful in their programme, participants 
indicated that the practical skills they developed were helpful: 
Doing practical stuff like cutting glass and rubber bungs or diluting down chemicals 
to give to classes … it’s semi-boring, but it’s so practical it’s handy. It’s good to know 
(Pre-service teacher 4). 
 
There was certainly a focus on pre-service teachers’ strategic approach to elements of the 
programme, allocating time to tasks and assignments that were reflective of the marks to be 
awarded.  
There certainly was a sense that students were under pressure with the workload. During 
conversations on ESD, they raised concern about taking on anything else that might add to 
this already pressing workload: 
Putting a title on it, you think, ‘Oh God, I’ve something else to do’ (Pre-service 
teacher 1). 
The Culture of Science 
The findings reinforced the fact that science, as an academic discipline, can be perceived as a 
culture, with particular ways of acting, thinking, being, doing and communicating. This has 
significant implications for how ESD might be included within the delivery of a Science 
Education programme. Pedagogical approaches for ESD in science education must be 
 
 111 
cognisant of the norms associated with the culture of science. Findings in this area also raised 
some questions about the pre-service teachers’ identity as teachers and scientists.  
Ways of Thinking in Science 
If we are interested in how we can support pre-service science teachers to think about 
sustainable development, then we must consider how they think as scientists. Teacher 
educators described characteristics that are important for how biologists think and view the 
world. They indicated that they need to “be logical thinkers and be reflective” and to “have 
critical abilities”. They need to be “methodical”, “organised and good at planning 
microbiology is like cooking!”. They need to “learn from their mistakes”, “gain intellectual 
independence” and “develop confidence in their knowledge and arguments”.  
Teacher educators noted that a scientist must “have a natural curiosity”, “enjoy working with 
difficult puzzles”, “enjoy working with gadgetry”, “want to become specialists in [their] 
field” and “must be problem-solvers”. 
One teacher educator described wanting his students to: 
Have a taste or appreciation … for what’s necessary to carry out good science … In 
the labs, you know, it’s about rigor and application and patience … and to have 
critical abilities … I wouldn’t go so far as to say sceptic[al], but critical you know, the 
ability to stand back from things; [not to] accept information as a given; be prepared 
to look at it, you know (Teacher Educator 9). 
 
They also emphasised the importance of being passionate about their area of work. One 
interviewee spoke of their excitement at observing microbial growth in agar plates, stating: 
When I go down and see a plate with antibiotic in it and growth levels are almost the 
same as the one with no antibiotic, then I get fairly excited, because this tells me there 
[are] a lot of antibiotic resistant bugs in there (Teacher Educator 5). 
 
Scientists see the world differently from those in other disciplines. One research participant 
explained looking at everyday objects through a scientific lens: 
I’m in the supermarket buying some frozen prawns, so I’m thinking about, you know 
… what’s the bacteria content (Teacher Educator 5). 
 
Similarly, another interviewee spoke about seeing science in the natural world around them: 
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Science principles are taking place around us … from the lawn to the potted plant, to 
the acre of grounds, to the 30 acres outside in maize, to the farmhouse, to the budgie 
cage: this is where biology is (Teacher Educator 3). 
 
Ways of Talking in Science  
When considering how we communicate the messages of ESD, we must be aware of how 
scientists speak within their discipline.  
One interviewee noted, that “biology is notorious for jargon” and explained how language 
can be unique to a specific scientific area of study. She noted, within her sub-discipline:  
We’re often talking different language … biology more than any area is notorious for 
jargon, so every sub-discipline has its own jargon, its own way of looking at the 
world, and thinking about it (Teacher Educator 8). 
 
She explained that every component within the living organism, whether that is plant, animal 
or micro-organism, has its own name down to micro level. Reactions and cycles are named, 
technical terms are used to describe processes, and machines and equipment have their own 
names. Even to classify a plant or animal accurately requires it to be assigned a kingdom, 
phylum, class, order, family, genus and species. Latin or botanical names are used to provide 
some information about a particular plant that distinguishes it from other plants.  
She explained that she increases the use of these technical terms in the learning environment, 
to enable to students to become familiar with them. As the students develop their 
understanding, more and more technical terms are introduced. She explains, that as students 
get to know the Latin terms for species, she uses them more regularly:  
I would say to them, go get the coleopteran, rather than go get the beetles (Teacher 
Educator 5). 
 
Observations in the “Diversity of Organisms” laboratories reiterate the common use of 
language relating to the discipline, with technical terms used to describe procedures and Latin 
names to describe specimens.  
Ways of Being and Doing in Science 
If ESD is to be embedded in science education, then those responsible for this must be 
cognisant of how scientists act and practise their discipline.  
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Interviewees described that working in science is multifaceted and involves reading, planning 
experimental design, sampling, measuring, manipulating, observing, analysing and 
interpreting. It uses a range of equipment, techniques and practices, and involves recording, 
documenting and writing.  
Work in the laboratory setting involves a range of techniques and procedures that support the 
inquiry nature of science. Specialist instruments and equipment appropriate to the scientific 
area are used. In this regard, one interviewee noted:  
If you were testing soil, you’d be using your AAS [Atomic Absorption Spectroscopy] 
machine continuously; if you were testing food and enzymes, you’d be using your 
HPLC [High-performance liquid chromatography] and your gas chromatography … I 
am on PCR [polymerase chain reaction] all the time, extracting DNA 
[deoxyribonucleic acid] (Teacher Educator 7). 
 
Problem-solving is an aspect of some of some scientific research. Scientific methods or 
processes are devised to address the problem or question at hand. One interviewee described 
his work on finding appropriate and safe uses for the byproducts of agricultural production, 
including compost remains from mushroom growing. He also described his involvement in a 
research project on the restoration of mine wasteland. The problem was posed as 140 acres of 
toxic land that was contaminated from the byproducts of mining that occurred in the 1970s. 
The land was unfit for use and posed a health and pollution threat. He stated:  
There were millions of tonnes of residue or waste being produced and so when the 
mine closed, the problem was how to nudge this back into the landscape to have a 
beneficial use or basically not just be exposed potentially (Teacher Educator 6). 
 
He explained that approaches taken to address a scientific problem and the resulting 
experimental design are influenced by what is already documented and published in the area. 
It builds upon it, seeking to add to the field of knowledge. He noted:  
The literature part, has it been done before? What’s the best procedure to follow and 
mistakes to avoid? That’s the first stage really, to give you the background and give 
you an idea what to look for, because if you look for everything you’d be there all day 
or be there forever, you know. So, it’s maybe fine-tune exactly what you’re looking at 
(Teacher Educator 6). 
He spoke about the preparation work in the laboratory, and the observation and sampling 
tasks on site: 
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It’s about representing, getting samples of the soil and taking it back to the lab and 
seeing what it’s like, chemically and physically … then setting up a greenhouse with 
the samples to see if grass type I grows or type II or type II (Teacher Educator 6). 
 
When describing the importance of pre-service science teachers experiencing biology and 
agriculture in the field, one lecturer noted: 
It’s a field-based science, so it’s important that they get exposed to it and that they get 
some appreciation for that … By just taking soil in your hand and feeling it and 
smelling it that, you can tell quite a lot about it (Teacher Educator 9). 
 
Ways of Communicating in Science  
In science education, science is communicated through the formal structures of lectures, 
laboratory sessions and field trips, as well as through informal encounters in the Department 
of Science. In terms of academic to academic communication, significant findings and 
developments are shared across the scientific community, through academic publications and 
conferences. These also serve to inform the students and emerging scientists.  
Teaching Science to Pre-service Teachers 
In terms of teaching science within the Science Education programme, observations proved a 
useful means to gaining an understanding of the environment in which the programme is 
offered. Lectures formed the basis of theoretical input. These took place in lecture halls, with 
the lecturer presenting PowerPoint slides and other visuals. In some cases, students brought 
printed notes and others worked on laptops during lectures. Some made notes, others did not. 
Lecturing styles varied, but for the most part they were didactic. Interaction was minimal, 
with lectures following a traditional transmission format. 
Observation in lectures indicated that science education is about building layers of knowledge 
that facilitate a deeper level of understanding about the scientific concepts, principles, 
techniques and procedures in question. Describing his lectures, one teacher educator stated 
that the students should: 
Have fundamentals, let’s say in terms of soils – soil composition and function, how 
they do what they do … Once you have that right, you can take steps forwards based 
upon it (Teacher Educator 6). 
 
Lecture notes and handouts provided a scaffold for theoretical aspects of the module. 
Students were expected to refer to key prescribed texts and conduct further reading to 
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substantiate this information. Students were also provided with a reading list of core texts, 
containing the technical knowledge relevant to the module. 
In laboratory sessions, pre-service teachers were supported in learning and practising 
practical skills. From the seven sessions observed, labs tended to be prescriptive and highly 
scaffolded. Students were provided with instructions or procedures to follow (see Figure 6 
below). One tutor said: 
They get a handout when they come in and they get an overview of what’s happening 
in the lab and they just literally start through the procedures (Teacher Educator 1). 
 
Figure 6: Laboratory Handbook Denoting a Prescribed Experimental Exercise                                  
in the Soil Science Module 
 
During observations, students engaged in a range of procedures including:  
• Examining microbial cultures (e.g. Ascomysetes) using a microscope. 
• Identifying and examining species of plants (e.g. blackberry) and fungi (e.g. 
hedgehog fungus) from samples provided.  
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• Weighing soil samples accurately using electronic scales.  
• Identifying the internal organs and components of the arterial system of a rat, by 
performing a dissection.  
• Following a procedure to demonstrate anaerobic microbial activity in soil. 
Where specialist equipment or techniques were required as part of the lab, these were 
demonstrated by the lecturer from the top of the laboratory. Students were organised into 
groups of three to four and were given autonomy to work at their own pace. Some groups 
were more applied than others.  
In relation to soil, one teacher educator described some basic procedures that he asked 
students to practise: 
Well, they do some physical tests on the soil certainly like texture, bulk, density, 
structure, you know texture … just so they can get to work with it (Teacher Educator 
9). 
 
Students used specialised equipment (e.g. scalpels, pins, test tubes, centrifuges, microscopes) 
and substances (e.g. iodine, sucrose). They worked with samples from the natural world (e.g. 
rats, frogs, soil, fungi, plants). They referred to textbooks, overhead projections and lecture 
notes for more information. They referred to prescribed procedures (e.g. overheads and 
handouts) to guide their work. Results were captured, charts were labelled, and graphs were 
drawn. Postgraduate students, acting as tutors, were an integral part of the teaching process of 
labs, providing guidance and support to students throughout. One tutor explained: 
I’d kind of circulate around and ask them really if they wanted any help … sometimes 
they’d be short of a piece of the apparatus … or if something wasn’t working out for 
them I could advise them (Teacher Educator 2). 
 
Field trips were used to enable to science student to see real-life applications of what it 
learned in the classroom. For example, in Field Trip 2, students visited different agricultural 
sites – an organic farm practising permaculture, an intensive tillage farm, a farm growing 
Miscanthus for biofuels and a commercial orchard. The teacher educator encouraged students 
to examine the soil at different sites, suggesting: 





In the interview, he explained:  
Agriculture and soil are a field-based science so it’s important that they get exposed to 
it and that they get some appreciation for it … By just taking soil in your hand and 
feeling it and smelling it … you can tell quite a lot about it (Teacher Educator 9). 
 
A notable element from observations was the absence of opportunity for pre-service teachers 
to dialogue, converse or discuss topics pertaining to science. The factual nature of relevant 
information, coupled with the emphasis of development of practical laboratory skills, 
suggests limited opportunity for talk-based activities.  
 
Another aspect of observations is the assessment of learning. Undergraduate science 
education pre-service teachers are required, as part of their programme, to complete science-
related assignments independently. This may include lab reports, assignments and the 
development of materials associated with teaching science, and requires additional reading 
and independent research. However, pre-service teachers indicated that – given the high level 
of contact hours, and the dual requirements of both the science and education aspects of the 
programme – their time available for this was limited. Focus groups with pre-service teachers 
suggested that an excess of assignments was being given to students, resulting in time 
pressures and constraints. One student noted: 
‘Oh, it’s only one more assignment.’ Each lecturer says that and, ‘Yeah, fair enough. 
but multiply that by six and then you’re stressed out and everyone is stressed out from 
it’ (Pre-service teacher 6). 
 
 
Communication within the Academic Discipline of Science  
For the academic in science, reading builds knowledge and informs scientific practice. This 
was reiterated in the interviews with teacher educators. As one noted:  
I carry papers around with me all the time so whenever there’s time, I read, you know, 
half a dozen papers on the way up to Galway, another half a dozen on the way back 
down (Teacher Educator 5). 
 
Interviewees noted the enormity of keeping on top of publications and adopting techniques to 
identify strategies to efficiently assimilating useful knowledge. They noted that review 
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journals bring together vast arrays of research into one paper, which is useful, while also 
providing links to other relevant material: 
Review journals in particular have huge literature lists which will lead to you reading 
another 20 or 30 papers (Teacher Educator 5). 
 
Explaining his strategy of efficient browsing and reading, one noted:  
Most of the journals that are of interest to me now will put you on an emailing list 
with contents so I’ll get updates … There might be 30 or 40 articles that interest me, 
so I’ll skim through and read the abstracts, and if the interest me I’ll normally save the 
papers as PDF to read later (Teacher Educator 5). 
 
They also spoke about the importance of working in scientific communities for expanding 
their scientific career, both in terms of knowledge and recognition. Peer dialogue is key to 
enhancing knowledge. One teacher educator noted: 
You’ll find interesting things by talking to colleagues who have read something that 
you didn’t see, and this will give you the basis for a bit more work (Teacher Educator 
5). 
 
Equally, scientists seek to publish research, to share their work and to become more visible in 
the field, marking their scientific outputs. Academic papers and journals with high ranking 
and visibility are targeted by teacher educators – in terms of both raising their research profile 
and also attracting funding.  
You have to publish to be seen … If you don’t focus on getting papers out as well, 
your funding will dry up (Teacher Educator 5). 
 
Opportunities to be involved with other academics in the field also serve to share knowledge 
and developments in science. A range of actives were flagged as important in terms of raising 
profile and sharing learning in science. Conferences were named as particularly useful: 
People go to conferences because you get to present your work, and see what others 
are doing, you make contacts at a conference, and you get recognised as a contributor 
to your niche area (Teacher Educator 3). 
 
What Scientists Value 
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When asked in interviews what they valued as teacher educators and scientists, some spoke 
of the prestige of being recognised as a contributor or expert in their field, nationally and 
internationally.  
I think that most of the scientists are driven by their own ego. They’re really looking 
to prove something … You write it and you submit it and it becomes part of the 
shared knowledge out there … and then you see if referenced in later work, and that’s 
rewarding (Teacher Educator 6). 
 
Furthermore:  
We’re interested in what we do first and foremost and I think it would probably be 
quite a selfish interest. It feeds our egos. The research we do, we like to think we’re 
one of the best in that particular area of research in, let’s say initially Ireland, then 
Europe, and then the world (Teacher Educator 5). 
 
Some noted that seeing the positive impact of their research in society was also a motivator to 
their work: 
Seeing your work being successful … seeing disused land reclaimed and turned into a 
safe green area is a really good feeling (Teacher Educator 6). 
 
When asked what might constitute a good day in the laboratory, answers included: “getting a 
funding application in”, “seeing something unexpected happen in the lab”, “seeing my 
students making progress”, “making progress on a paper” and “being invited to present at a 
conference”.  
Dual Identity: Pre-service Teacher and Novice Scientist 
It was clear from interviews with teacher educators that some teacher educators viewed pre-
service teachers as different from those in other student groups.  
Pre-service teachers also noted some of the difficulties that arise when they are students of 
both science and education. While, already noted, science is classified as hard and pure, in 
contrast, education might be described as soft, applied and discursive, which requires a 
considerable change in mindset for the pre-service teacher, when crossing this divide. 
Departments of Science and Education are located in different parts of campus, in different 
faculties, with predominantly different lecturers. The expectations of pre-service teachers in 
science and education disciplines vary; so too does the nature of the work. The skills required 
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to complete tasks in each varies. One student described using skills from other subject areas 
to help them in education:    
For education, I find myself drawing on skills from Leaving Cert history – there was 
an awful lot of essay writing in that – but I reckon if I [hadn’t done] history, I’d 
probably have [had] problems with trying to structure essays and all that (Pre-service 
teacher 7). 
 
Some gravitated towards the educational element, rather than the science:  
I like the education[al] side of things. I find it interesting, whereas I find the lab 
reports and calculations annoying to write up (Pre-service teacher 2). 
 
Others were happier in the science: 
I think science is more concrete, so you know if you’re right or wrong. Essay writing 
in education is more airy-fairy … but I think it’s more towards whether you’re a 
scientist or a teacher, whichever you lean towards (Pre-service teacher 10). 
 
A significant theme that emerged from the research was the experience of the postgraduate 
research student. Some teacher educators, particularly those who had completed doctoral and 
postdoctoral work spoke of the additional experiences that they had as postgraduate students. 
They described them as being pivotal to their developing as scientists. The spoke about the 
increased responsibility that comes with progression from undergraduate to postgraduate 
science student; and they noted that being a postgraduate researcher in science focuses your 
career trajectory in a particular area. You go from being a broad scale generalist to a 
becoming more specialist in a particular area. You draw on the expertise, connections and 
publications of your supervisor and delve into a specialist area. This allows you greater 
access to use more specialised equipment and techniques, and to work on larger-scale 
research projects that have greater significance. As one tutor explained about her own 
journey:  
You go from working through prescribed experiments to being part of a bigger 
research project where the answers aren’t apparent, and you’re not really sure if what 
you’re doing is the right thing (Teacher Educator 2). 
 
One teacher educator recalled her postgraduate experience, saying:  
[Being] a postgrad can be a lonely experience … you have your own project, and 
while you have a supervisor you still have to work on your own, and you have to 
become a lot more independent, you rely on yourself (Teacher Educator 8). 
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Others spoke about being “thrown in the deep end” and how this differed from the 
undergraduate experience: 
I had to extract DNA from a fungus, and it didn’t work, and then it didn’t work again 
and again … I had to kind of make up a problem-solving sheet, to figure out a 
solution … but you don’t do that as a pre-service teacher. As a scientist, you just think 
way more (Teacher Educator 7). 
 
They explained that the road is less certain, and part of becoming a scientist is languishing in 
uncertainty. As one teacher educator recalled about her relationship with science postgraduate 
students: 
I like the process of struggle, and they know it, I say to them you're going to struggle, 
because I’ll let you struggle and when I see you starting to drown, I’ll stick out a 
hand, because then you will remember exactly where you were going wrong, whereas 
if I hand it to you on a place, you’re only going to get this at [a] superficial level 
(Teacher Educator 4). 
 
One teacher educator mentioned that the postgraduate students had access to more intricate 
equipment and materials, and noted, when speaking about such an instrument: 
I wouldn’t let the undergrads near that equipment (Teacher Educator 4). 
 
However, a noteworthy point is that this research did not observe or collect data pertaining to 
the Final Year Project, which is a feature of the undergraduate Science Education 
programme. In this module, pre-service teachers select an area for research from either the 
education or science aspect of their programme. Those who choose science have a brief 
opportunity to undertake independent research in the field, and so engage in some authentic 
scientific research.  
 
The experiences recalled by former postgraduate students is reflective of them developing 
skills of inquiry and problem-solving that are so inherent to the process and nature of science. 
It would seem that the same opportunities are not afforded to pre-service teachers, if they are 
developed at all. This has implications for the research question – it may cause us to consider 
if the high level of scaffolded support for pre-service teachers, in comparison to that of 
postgraduate students, is a challenge to embedding ESD that is centred on higher-order 




Science and Society 
Science as an academic discipline is shaped and guided by a number of influences, including 
societal needs, research funding, the commercial interests of private industry, and regulations 
relating to scientific research. Teacher educators who practise and teach science are guided 
by these and by their views on ethics in science. These factors have a bearing on how ESD 
might be reflected within the teaching of science. This section explores findings in this 
regard. 
The Impact of Science on Society 
Teacher educators spoke of the benefits of science to society, and gave examples from within 
their scientific areas of study, including the development of vaccines for human diseases, the 
fortification of foods to improve diets, the rejuvenation of polluted lands for agricultural or 
recreational use, the detection of illnesses, the recycling of waste, and the production of green 
energy to combat climate change and pollution.  
They also spoke of the potentially negative effects of scientific developments, and the 
conflict between science and its real work applications. One teacher educator explained that 
for the most part, science seeks to bring about good, but that scientific knowledge can be used 
for harm, for example in the production of weapons for war, including biological warfare. 
Another noted that, while scientific knowledge can be applied for the perceived “greater 
good”, its use can have a detrimental effect on society. He used the example of microbial 
resistance to antibiotics to illustrate this, saying: 
Consider bacterial resistance to antibiotics having risen from over prescription … 
While early pioneers have contributed enormously to health, it’s biting back in some 
respects and we have the issues of resistance to antibiotics and bigger and more 
mighty organisms developing (Teacher Educator 9). 
 
Another example given was the impact of pesticides on insect populations:  
Pesticides have been used in the past to kill weeds, but in actual fact they also 
destroyed the insects of pollination, and now pollination has to be done by hand 
(Teacher Educator 2). 
 
Also discussed were the more contentious scientific practices, whose outcomes and impacts 
are more difficult to gauge. Participants mentioned the debate around the positive and 
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negative implications of using genetically modified organisms (GMO) for food in areas of 
poverty or depravation. One teacher educator pointed out: 
The effects of them will only become apparent 20 or 30 years from now, after large 
populations of people have been consuming these for a long time (Teacher Educator 
5). 
 
Teacher educators also noted corporate interests in real-world scientific applications, and how 
these can outweigh the public interest. In relation to GMOs, one noted: 
I think the economics behind them [GMOs] is bad, I think these companies have to 
recoup the huge amounts of money they’ve invested in them, while their patents last 
(Teacher Educator 5). 
 
Also, on the theme of contentious issues, another teacher educator spoke of the topic of clean 
energy. He spoke about negative public opinion pertaining to nuclear energy, and the need to 
have critical public debate about nuclear energy as a viable substitute for fossil fuels, where 
renewable energy is not feasible. He spoke about the effect that media can have on public 
perception of issues, how “scaremongering” can take place, and how the public can lack 
scientific knowledge or the awareness necessary to truly engage in these debates. He stated:  
I think there needs to be a serious debate about nuclear energy and the Government 
[is] saying, ‘Well, we’re not going to have it, therefore we don’t need a debate,’ 
which is totally indefensible (Teacher Educator 9). 
 
In focus groups, pre-service teachers expressed their appreciation for learning about science 
in society, and applications of science to change the world for the better. One participant 
noted: 
It’s important that we teach the social aspect of science … We are not just teaching a 
subject like biology, we are saying this is what happens in the real world … Its more 
about life, like pollution or whatever, and the way it affects everybody in the world  
(Pre-service teacher 8). 
 
And, in relation to global awareness and sustainability, one pre-service teacher noted that 
teaching about such topics was important: 
It opens their [pupils’] eyes a bit as well to see what’s going on beyond their own 
back garden … So they know that what we do here affects other countries (Pre-




Ethical Considerations in Science 
When questioned about ethical considerations associated with science and scientific 
developments, teacher educators had a variety of views. Some did not feel ethical 
considerations were relevant to their area of work. One teacher educator said:  
Any of these new discoveries … they’re value neutral … it’s the value that people put 
on them then, depending on what uses they’ve put them to (Teacher Educator 10). 
 
Others noted a real need for ethical and moral elements to be incorporated into science 
education, saying: 
I think everything should be up for discussion. I think in science the very moment that 
something is put beyond the realm of discussion, it’s already a form of censorship 
(Teacher Educator 9). 
 
And: 
We need to consider how science is going to impact on others, upon other people, 
upon other things, upon other areas … I’m talking about the broad environment, the 
air we breathe: is it going to impact on that for other people as well? (Teacher 
Educator 3).   
 
One teacher educator hinted at the lack of scientific literacy in the public debate, and the fact 
that many people do not consider or trust scientific evidence when it comes to the issues of 
development. He spoke in particular about the issues of incinerators as a means to dispose of 
waste, and public disquiet about this: 
I’d say the public have a deep distrust of science a lot of the time. You know, in 
relation to health issues and stuff like that, I mean the incineration debate is another 
interesting one. Now people are quite happy to burn plastic in their backyard, smoke 
cigarettes; but they don’t want incineration (Teacher Educator 9).  
 
In relation to the issue of trust, another teacher educator cautioned how science is 
communicated to the public, and how sometimes commercial interests are being served by 
the reporting of scientific research. He stated: 
So, as a scientist, my advice is, don’t trust scientists … because we all driven by our 
egos; we’re all driven by the need to keep our laboratories funded, and some of us can 
be corrupted by big industry, because they will woo you, if they think you have 




Both of these statements would suggest a need to develop critical media literacy and an 
understanding of evidence-based practice among both science teachers and the public. 
A distinction was made between personal and corporate ethical responsibilities in science. At 
the level of the individual, it was noted that an ethical stance emerges from their own 
personal background:  
In terms of their beliefs, their commitments, I suppose their moral outlook on it …  
When I’m talking about moral outlook, I suppose on the broad sociological 
implications, in addition to, say, whatever perhaps their religious or other beliefs [are] 
(Teacher Educator 3). 
 
In relation to ethics at corporate level it was noted, that:  
Formalisation of the ethical considerations will take place … We’re talking about the 
use and applications of biology within an institutional framework (Teacher Educator 
3). 
 
Related to this, scientific messages that are relayed to the public can be inconsistent and 
unclear, and research does not always benefit everyone equally. As one contributor noted: 
And the problem of course is that you get told one thing by one expert, and one by 
another expert, and which expert do you believe? I worry about the politics behind all 
these functional foods as well. Funding is given to science that can benefit the health 
of the Irish population. But the people who need the help aren’t able to afford a €3 
[pack of] margarine (Teacher Educator 5). 
 
In relation to supporting this way of thinking with pre-service teachers, one teacher educator 
suggested that the development of a module on “Science in Society”, where a critical 
examination of the role of science in development could be further addressed, would be 
beneficial. When considering science and society, he added: 
I feel it has been neglected to some degree … While individual lecturers and 
contributors might raise awareness [of it], there isn’t a module which looks at an end 
view and one where science is looked at in terms of its contribution to society 
(Teacher Educator 9). 
 
Funding for Science  
Private and commercial interests fund scientific research. Investment in science is often 
directed at that which can have human impact and monetary gain. For commercial interests, 
funds are directed at projects than show potential to be in demand and lucrative. Teacher 
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educators noted that pharmaceutical companies invest hugely in the development of drugs 
and treatments for conditions, stating:  
It’s such a protracted process to go from having the original idea, working it up on the 
bench, testing it on an animal, assuming it works, and then starting to go through the 
process of seeing if it can actually be applied in humans, which is a three or four stage 
usually six or seven-year process, [where] you have to do these very carefully 
controlled trials, reporting, and a series of larger scale trials over a period of years 
(Teacher Educator 5). 
 
They explained that while an outcome in this regard would be the development of a new drug 
or vaccine that has the potential to save lives and in doing so yield financial benefit for the 
company, questions may be asked about the retail price of such medicines and their 
accessibility for all people. 
The State also funds research in key priority areas that are considered to be in the national 
interest. In the context of those interviewed, a number indicated that funding available to 
them in higher education can direct the focus of their research. For instance, it was noted:  
You end up usually being driven by where you can get money to do your research and 
unfortunately, quite often we tailor our studies to match what's being viewed as 
important by the grant funding authorities (Teacher Educator 5). 
 
And: 
When things become topical such as, you know, climate change, money becomes 
available for research so I mean, you know, people will take advantage of that 
(Teacher Educator 4). 
 
Occasionally, public and private interests meet. When talking about working in South 
America in the development of vaccines for yellow fever and meningitis, one teacher 
educator noted: 
Most of the money was Government sourced for that kind of area of work, but we 
were constantly being pushed more and more to get industrial partners in and to patent 
our stuff, and then sell that on to the next … consumer (Teacher Educator 5). 
 
He explained that applications of the study of microbiology can impact on the day-to-day 
lives and welfare of people, and as such, it is well funded. He stated: 
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Because it (microbiology) impacts on such areas like health, the environment, animal 
production, food production, there’s always a lot of money and a lot of drive for us to 
be improving our methodologies and our knowledge of the microbiology reason and 
it’s a very vigorous and growing subject really (Teacher Educator 5). 
 
He also described “functional foods” as being a current area of interest, explaining that 
microorganisms in prebiotic foods can be used to introduce beneficial bacteria into the diet, 
or that plant sterols in food can reduce cholesterol. He stated:  
So, a lot of these things you see in the supermarkets, like those cholesterol-reducing 
spreads, or prebiotic, and probiotics, not so much probiotic because its more or less 
under control now, prebiotic yoghurts, which are these substances which will aid your 
immune system, or your digestive system to function effectively by interacting with 
your entire organism (Teacher Educator 5). 
 
Regulation of Scientific Research 
Some teacher educators mentioned the European and national policies and directives that 
influence how science is conducted. European policies require scientific input into 
international debates pertaining to the regulation of science in development. For example, one 
teacher educator explained his experience of attending international policy meetings: 
I was at a Microbiology Conference … a lot of the keynote talks were by socio-
biologists. So, these are guys who were trained as biologists, maybe even had PhDs, 
and then moved into science policy. So, they are able to take the facts, because they 
can understand the facts, and work those into highlighting the priorities for where our 
research should go (Teacher Educator 10). 
 
Some participants highlighted the need for legislation to regulate scientific work by stating 
that:  
Knowledge is difficult to control and there’s always the danger … I do believe there 
is a need for legislation … you cannot expect that all individuals have an attitude that 
they are in science only for the benefit of the end user (Teacher Educator 3). 
 
In referencing monitoring around the claims made by food companies in relation to their 
products, one interviewee noted: 
The EU has brought in legislation whereby, if products are stating health benefits for 
the consumer, for example that the product reduces cholesterol, then they must have 




Positioning Sustainability in the Teaching of Science 
Some lecture content observed during this study showed strong alignment with sustainable 
development themes. In particular, a lecture on Soil Science explored links between climate 
change and land use and the potential for carbon sequestration. Similarly, in the Agriculture 
module, students were introduced to themes relating to sustainability, including organic 
versus intensive farming and the growing and use of biofuels. Interviewees also spoke of 
links between their modules and biodiversity, ecology, water, food security, health and 
energy. However, some lecturers noted that sustainable development was not relevant to the 
teaching of their module. A key example of this was biochemistry. The educator highlighted 
that: 
A large portion of what I teach is chemical structure, the nearest I get to a whole 
organism is looking at an organ or muscle or a nerve … and so it’s really quite remote 
really from saying to a student, ‘Well we need to develop a new process for recycling 
plastic,’ or something (Teacher Educator 4). 
 
During focus groups, pre-service teachers generally felt the inclusion of ESD in teaching to 
be a positive endeavour. They commented: 
It’s important to make pupils aware of the more global context, rather than just 
thinking about what happens in their own country like. To bring up, make them aware 
of just the issues (Pre-service teacher 16). 
 
And,  
It’s the social aspect of science … We are not just teaching a subject of science; we 
are saying this is what happens in the real world. It’s not just a subject, it’s more 
about life …  You are talking about it in a way it affects everybody in the world (Pre-
service teacher 16). 
 
And,  
Open your eyes a bit as well to see what’s going on in other countries, and know the 
effect of what we do here has on them (Pre-service teacher 15). 
 
And,  
The world is becoming a smaller place and you know going back to the concept of 
like global village, I think it would be important from that aspect that pupils get to 





Some reiterated the importance of it being core to the curriculum and not something that 
teachers take on purely because they see it as important. One student noted:  
I would say generally it should be in some way fitted into school life … because it’s 
very hard for any one teacher take it on for themselves to do it. It’s a good thing, but 
it’s not going to be easy. It’s not a matter of us just going out and deciding to take it 
on (Pre-service teacher 9). 
 
Some were unsure about the substance of ESD, but feeling that it might serve to make 
students more appreciative of what they have, one student said: 
This sounds very airy-fairy, but I think it would be good for their own personal moral 
education themselves, take their eyes off themselves and see other issues; then their 
own smaller issues won’t seem to so big in their eyes. It would be good for their 
actual personal development (Pre-service teacher 6). 
 
Some also noted the pressures of the formal system and the need for the curriculum and 
assessment to be reflective of ESD for it to be taken seriously by pupils and parents. They 
noted: 
I thought it would be more for the Junior Cycle, because when you are doing your 
Leaving Cert you just want to know what’s going to be in the exam. It’s all about 
points. But for Junior Cert, it’s not as important and, like first and second year, you 
have a wee bit of extra time to maybe do some of that interesting stuff (Pre-service 
teacher 9). 
 
They also spoke about the fear that ESD will result in them having to teach additional 
material. One student noted: 
It’s very hard to link it to science … and also do all the work we’re trying to do at the 
moment (Pre-service teacher 4). 
 
Another student noted their concern that deviating from the core subject might be difficult: 
You’d get a few minutes for it every so often like or half an hour, but you are under 
pressure from the pupils and the parents to help them get the best results they can. 
Sometimes, that takes over, assessment takes over (Pre-service teacher 12). 
 
However, others disagreed with this sentiment, stating:  
Not really, though, [because] we have a lot of environmental stuff … you could at 





I didn’t even realise I was doing it … In my second year school placement class, we 
were doing ecology, talking about resources we use, etc. I got all of them to design a 
house that was environmentally friendly … got them to look it up. They had solar 
panels, using water in the drainpipes to water the flowers, cut down on the oil … all 
stuff that would help the environment (Pre-service teacher 8). 
 
When asked if discussions and conversations on sustainability topics (such as nuclear energy 
versus renewable energy) took place as part of pedagogy modules, one tutor commented:  
I would hold up my hands and say that it’s not being done … I think the big problem 
there is that there is a focus obviously on the scientific skills and actually being able 
to do the experiments (Teacher Educator 2). 
 
When asked about opportunities for ESD in their teaching, students recognised a range of 
examples where they could open discussions. Specifically, they mentioned global warming, 
genetic engineering, renewably energy sources like, solar and biofuels, pollution, nuclear 
energy, recycling, DNA profiling, diversification of farming (first and third world), 
deforestation and preservation of ecological diversity. When asked where it is currently 
reflected in their programme, they mentioned modules relating to agriculture, pollution 
biology, ecology and soil. 
Findings from the research present a picture of the lived nature of science as an academic 
discipline within the teaching and learning environment of the Science Education 
programme. It shows scientific knowledge being presented as vast, expansive and changing, 
and imparted to pre-service teachers in a broad, prescriptive, scaffolded and diluted manner. 
Evidence of the challenges of retention of knowledge and application of learning were noted. 
In relation to the culture of science, the distinctive ways of thinking, talking, doing and 
communicating were evident in teacher educators’ interviews. Yet pre-service teachers 
immersion in scientific process and exposure to aspects of the NOS is less than that of post 
graduate researchers. The role of science in society was noted by teacher educators, yet they 
highlighted that factors such as funding, professional status and commercial interests can 
influence scientific practice and motives. The need for greater engagement in dialogue on 
socio-scientific issues in science education was also presented. These findings will now be 




Chapter 5: Discussion 
This chapter presents a discussion of the key findings outlined in Chapter 4. The findings 
reflect the lived nature of science as an academic discipline in the context of an 
undergraduate Science Education programme in a HEI. The discussion interrogates the 
findings in lieu of relevant literature pertaining to science, ESD and teacher education, and in 
doing so puts forward recommendations regarding the integration of ESD into initial teacher 
science education. Discussions in this chapter reflect the overarching themes identified in the 
Findings chapter – structure and nature of scientific knowledge; science as a culture; and 
science and society.  
 
The Structure and Nature of Scientific Knowledge  
The ways in which scientific knowledge is generated, organised and communicated are 
significant when considering approaches to embedding ESD into science teaching. This 
section discusses the complexities of translating complex, technical, disciplinary knowledge 
into modules for pre-service teachers and, as such, the related challenges in embedding core 
concepts of sustainability in a manner that is appropriate to science.  
Packaging Content for Modules 
Findings indicate that teacher educators understand scientific knowledge as hard and 
technical, extensive, expanding and cumulative, subject to change and highly specialised. 
Consequently, this poses a challenge to the selection and arranging of appropriate curriculum 
content for pre-service science teachers on the programme.  
Programme modules are delivered over a period of 12 weeks, with three lectures and 
associated laboratory sessions each week. The findings show that biology-related modules 
provide a broad overview of a range of sub-disciplinary areas, including microbiology, 
biotechnology, biodiversity, genetics and agriculture. The relatively short duration of 
modules poses a challenge for packaging the vast scientific knowledge associated with the 
sub-discipline into manageable and appropriate module units for pre-service teachers.  In 
interviews, lecturers spoke of the sheer magnitude of material that they felt should be 
included, the “cramming” of information, and the desire to impart to students the essence of 
the scientific area, and to provide them with sufficient technical knowledge to grasp key 
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facts, concepts and techniques. They spoke of the importance of communicating the 
“fundamentals” of the discipline. 
In focus groups, pre-service teachers noted their frustrations regarding module content, 
indicating that the depth of material was excessive, or that it did not align closely with school 
subject curricula. A number of pre-service teachers indicated that they had entered the 
programme having completed just of one the three science subjects (physics, chemistry and 
biology) to Senior Cycle level in post-primary school and, as such, reported finding the 
content-heavy modules to be excessively arduous.   
In interviews, teacher educators noted a number of challenges in relation to pre-service 
teachers’ learning on modules. They spoke of students’ “compartmentalisation” of 
knowledge. This was noted in relation to their capacity to transfer knowledge from the lecture 
to the laboratory setting, and from one module to another. Findings also raised relevant points 
about pre-service teachers’ learning habits. Tutors who supervised laboratory sessions spoke 
of students seeking to provide “correct answers” in laboratory sessions and reports, in order 
to meet the course requirements and gain marks, rather than engaging in genuine inquiry to 
support development of scientific literacy. Pre-service teachers indicated that their learning 
was strategic, and at times exam focused, rather than benefiting their professional 
development. They also indicated that they prioritised assignments and tasks that carried 
more weight in assessment.  
The complex, changing and expansive nature of scientific knowledge is well documented in 
literature (Ziman 2004; Flick and Lederman, 2006; Kelly and Erduran 2018), as well as being 
reflected in the findings of this study. Also documented is the range of views on scientific 
literacy, spanning the domains of knowledge, methods and processes, and the NOS (Bybee 
2002; Bell 2009). Traditionally, science education focused on enhancing the learners’ 
understanding of scientific knowledge and preparing them to contribute to the workforce 
(Sadler 2011). Studies have shown that experienced science teachers view their teaching roles 
as the transmission of knowledge, maintaining the rigor of the curriculum, and preparing 
students for examinations (Tobin and McRobbie 1996).  
DeBoer (2000) notes that science educators should feel free to pursue science that is 
appropriate for the learner, within their social context. He argues that teaching for scientific 
literacy is more successful when the learner is not expected to master significant bodies of 
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content. He argues that to place emphasis on standards-based, knowledge focused testing can 
inhibit the autonomy and creativity of science teachers. Similarly, DiCarlo (2009) states that 
educators should abandon the mistaken notion that unless they “cover the content” they have 
not achieved their goal and recognise the importance of motivating and inspiring their 
students to continue to learn. Approaches to teaching science that focus on transmission of 
knowledge rather than development of scientific skills lead to students committing a great 
deal of knowledge to memory, without having any grounding for that knowledge (Norris et 
al., 2007).   
The emphasis on content and transmission of knowledge identified in the findings has 
implications for the integration of ESD into the Science Education programme. Given the 
programmatic demands on pre-service teachers, and their reported approaches to completing 
modules, it is worth questioning how much of the knowledge domain is practical, useful and 
reasonable for them to attain during their ITE programme, particularly given their trajectory 
towards teaching in the classroom. Where students are required to retain and reproduce 
subject content knowledge, the space to meaningfully consider sustainability issues is 
compromised. 
McKeown (2006) stresses that ESD demands implementation of a skills-oriented teaching 
paradigm to achieve its goals. Student-centred, skills-based, reflective learning promotes 
“deep learning” rather than the “shallow learning” of rote recall and memorisation for 
examinations (UNESCO 2002). Such approaches allow for the development of ESD 
competencies, such as integrated problem-solving, systems thinking and anticipatory 
competence (UNESCO 2017). 
Barth (2015) warns that building ESD competence is more complex than merely adding “soft 
skills” to existing factual, disciplinary knowledge. He notes that competence development 
should be established through pedagogical approaches that result in reflective decision-
making that impacts on the daily lives and consumption habits of the learner. He also stresses 
the importance of learners in higher education taking responsibility for their own acquisition 
of sustainability-related competences, which requires autonomous and constructive learning 
(Barth 2015). Students must evaluate their own knowledge and identify where further 
learning is needed and be self-directed in that learning (Straka 2000).  
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A recommendation from this research is a reduction in the science-based content knowledge 
presented to pre-service teachers, to allow greater opportunity for skills development and to 
respond to the social and citizenship aspects of science education.  
Education for Sustainable Development Themes in Modules 
Interviews with teacher educators highlighted that existing modules, including Biology 1 and 
2, Soil Science, Agriculture 1, Diversity of Organisms and General Microbiology reference a 
range of sustainability themes. Within these modules, students are exposed to ideas on 
sustainability through core science-related content; for example, the importance of 
biodiversity of organisms for environmental wellbeing, the production of biomass crops as a 
substitute for fossil fuels in energy generation, and soil as a carbon sink in mitigating the 
effects of climate change. In focus groups, pre-service teachers also recalled a range of ESD-
related topics that they addressed in their programme, including global warming, genetic 
engineering, biofuels, recycling, energy, pollution, agriculture (diversification and 
deforestation) and disease (prevention and treatment).  
However, it is noteworthy that many of the references to sustainability pointed to hard and 
technical scientific knowledge on the issue, rather than to social, economic or cultural 
considerations. Only a small number of teacher educators spoke of the human or societal 
implications of their work or the sub-discipline that they teach. For example, one lecturer 
spoke of his research on the development of human vaccines to counteract the medical 
conditions of leishmaniasis and schistosomiasis in Brazil. While the human associations of 
such scientific work is clear, conversations focused more on the scientific underpinnings 
behind the development of a vaccine. This finding is consistent with Eilks (2015), who notes 
that in many cases in tertiary education, science teaching tends to limit the focus of 
sustainability-related issues to the scientific background and/or subject matter content, rather 
than extending into discursive consideration of other factors.  
Evidence from literature on the place of social issues in scientific literacy and the teaching of 
science varies. Many promote its importance (Sadler 2011; Lederman et al., 2013; Zeidler 
2014; NCCA 2015; Vesterinen et al., 2016), yet some raise concerns that the issues are 
overly complex for the classroom and that time should be devoted to teaching and learning 
important fundamental scientific concepts and practices instead (Millar, 1997). 
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The prevalence of sustainability-related themes in existing modules bodes well for the 
inclusion of ESD, yet the focus on scientific knowledge remains a concern. This 
consideration causes the researcher to question the extent to which we can explore social and 
economic perspectives on global issues, while also remaining true to the nature and integrity 
of science as an academic discipline. Many of the development issues that we face as a global 
community require this multidimensional view (UNESCO 2006; Leicht et al. 2018). Taking 
climate change as an example, if science education teaches purely about the scientific 
underpinnings, without teaching about human contribution and impact, as well as approaches 
to reducing impact and mitigating the effects of climate change, then arguably it does not 
fulfil the remit of ESD. This might be achieved through Problem Based Learning with 
carefully constructed cases or through class discussion. In relation to the example on the 
development of vaccines for human diseases, we might question if pedagogical approaches 
can allow for teaching to go beyond the technical aspects of the topic and to spark 
conversations on global health, poverty, the impact of disease on society, or the development 
of vaccines for diseases of poverty such as malaria. 
 
We might question if science is too strongly classified (Bernstein 1971) to adapt to the 
interests of the learner or the needs of society. Given the nature of the scientific knowledge 
and acknowledging the natural gravitation towards teaching technical aspects of science, we 
might also question the extent to which science education is open to the skills-based, 
discursive and transformative nature of ESD (UNESCO 2005; DeHaan 2010; UNESCO 
2014c). Without these learning experiences, any educational provision might be considered 
“education about sustainability”, rather than “education for sustainability” (Hargreaves 
2008). If this is the case, while learners will acquire new knowledge, they are less likely to 
experience value changes or lasting behavioural change (Sterling 2014). 
 
Given the positive disposition of teacher educators involved in this study, with regard to 
integrating sustainability into their teaching, it would be beneficial to conduct an audit of 
modules to identify where ESD and the SDGs are currently represented, and how they are 
incorporated. Specifically, such an audit would identify how environmental, social and 
economic considerations are addressed in the content and pedagogy. This could serve for the 
basis to establish ESD as a cross-cutting theme of the programme. Furthermore, efforts could 
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be made to maximise and expand such curricular areas to better reflect an ESD disposition to 
teaching and learning. 
The Culture of Science 
Teacher educators described the culture of science through a number of lenses. In terms of 
ways of “thinking”, they indicated that the scientist must be curious, logical, thorough and 
methodical. With reference to ways of “doing” in science, they described specific processes, 
procedures and methods used to generate scientific knowledge in a research setting and 
emphasised the contribution that their work makes to their fields of study. They described the 
language used within each sub-discipline as distinctive. They contrasted the experiences of 
postgraduate science students and pre-service teachers in terms of immersion in the culture 
and processes of science.  
Adopting an Inquiry-based Approach 
Observations conducted as part of this research indicated that pre-service teachers’ laboratory 
and field-based work tended to be highly prescriptive and scaffolded. Module content was 
fixed, and the curriculum was strongly framed (Bernstein 1971), with little self-directed 
learning or autonomy given to students to determine the selection, organising or pacing of the 
material. Laboratory sessions observed were prescriptive, with goals set for each practical, 
with procedures listed, and neat tables or questions provided to guide the results and 
conclusion sections of their reports. Practical sessions assumed a transfer of knowledge from 
theoretical lectures into the laboratory space. Students followed procedures and used 
techniques demonstrated by the lecturer and tutors in the laboratory. While they worked 
relatively autonomously in groups or individually, tutors were available to assist in 
troubleshooting. Interviews and observations indicated that students were keen to achieve the 
expected outcomes and score well in their reports. 
The culture of science, as articulated by teacher educators, is one in which the scientist 
develops skills of inquiry, reflection, organisation, problem-solving and critical thinking. 
They develop practical skills, including experimental design, sampling, measuring, 
manipulating, observing, analysing and interpreting. They think scientifically, use scientific 
terms and adhere to safety procedures in the practice of their work. They learn to deal with 
unusual and unexpected outcomes. They develop arguments based on evidence and 
communicate, defend and alter these, as appropriate. They read scientific publications, 
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engage in scientific communities and publish their work to contribute to the scientific 
knowledge base.  
Findings suggest that pre-service teachers do not encounter the same range of scientific 
experiences as postgraduate researchers or teacher educators. They do not experience the 
same level of autonomy, discomfort or responsibility in designing scientific research as those 
working in the postgraduate space. Early-career teacher educators spoke about experiences 
from their doctoral studies. They recalled taking responsibility for their own research, 
immersing themselves in literature and conducting investigations at research sites. They 
noted their genuine interest in their research area. Most notably, they spoke about being 
“thrown in at the deep end” and struggling with procedures and research processes. Similarly, 
teacher educators spoke about allowing their postgraduate students to grapple with 
difficulties, the importance of the process of struggle and stepping in to guide only when 
absolutely required.  
Literature suggests that science education should reflect real-world scientific practice, so that 
students experience the genuine, uncertain nature of processes associated with scientific 
inquiry. Grinnell (2009, p.19) critiques approaches to science education that do not replicate 
the everyday practice of science. He draws attention to textbooks that “divorce facts from 
understanding”, and do not represent the “erroneous observations, misleading generalizations, 
inadequate formulations, and unconscious prejudice” that are central to the everyday work of 
scientists. Cavagnetto (2010, p.339) explains that science instruction is lacking when it does 
not replicate actual scientific practice. He describes some approaches to science teaching as 
overly prescriptive, and as attempting to “replicate the science process using cookbook-style 
labs that serve as verification of ideas rather than construction and critique of ideas”. Gilbert 
(2004) claims that science education should be as authentic to the discipline as is possible, 
under the conditions of formal education structures.  
Holbrook and Rannikmae (2007) advocate moving away from content-led teaching towards 
the development of skills such as reasoning, argumentation and evidence-based decision-
making. To reduce the focus on content and to enhance skills development would be 
consistent with the post-primary curriculum reform in Ireland, pointing to key skills 
development (NCCA 2015). In particular, it would resonate with the emphasis of the new 
Junior Cycle science specification on the NOS, scientific inquiry, communication and cross-
thematic strands (NCCA 2015). Inquiry-based learning is a pedagogical strategy that is 
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considered particularly effective in the teaching of science, through scientific investigation 
(Lunetta et al., 2007). 
Successful implementation of inquiry-based learning in a science environment is not without 
its challenges, as the pedagogical strategies required are more complex than the transmission 
of knowledge (Barron and Darling-Hammond 2010). For successful inquiry-led outcomes, 
the learner must be highly motivated, competent in appropriate scientific techniques, have 
sufficient scientific background knowledge, and the capacity to manage the extended 
activities required for the investigation. In addition, the teacher must be competent in 
overcoming the constraints of the traditional learning environment (Edelson et al., 1999) and 
skilled in managing the multitude of challenges that can arise during the process (Barron and 
Darling-Hammond 2011). 
While a high level of scaffolding and support may be beneficial in guiding pre-service 
teachers to reach stated learning outcomes within class time, research findings would indicate 
that their practical experiences do not mirror the NOS as an academic discipline, or expose 
them to all of the experiences of real-world scientific practice. The findings suggest that 
“enculturation” into the teaching and learning environment of the Department of Science is 
partial. This leads the researcher to question the extent to which they develop the mindset of a 
scientist, and the skills of true inquiry associated with the NOS, including appreciating the 
tentative nature of knowledge, devising and deploying scientific methods of inquiry, using 
observation and inferences, and relating to the social and cultural embeddedness (Lederman 
2007; Neumann 2011; AAAS, 2013; Lederman et al., 2013; Kelly and Erduran 2018).  
 
This has implications for considering how to embed ESD into the Science Education 
programme. In particular, it might be considered in line with the NOS strand of Junior Cycle 
Science, the sustainability element and the Science in Society CBA. These curricular 
developments provide a unique opportunity to engage pupils in genuine inquiry relating to 
science and SSI and to build an understanding of how science can contribute to understanding 
society and responding to societal issues. Ideally, graduates of the Science Education 
programme would be well positioned and skilled to lead such learning. 
 
To address this in part, the researcher proposes developing inquiry-based teaching methods 
for exploring scientific and SDG/ESD-related themes and topics. This would incorporate 
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authentic inquiry processes (Asay and Orgill 2010) into modules, supporting the learner to 
ask scientifically oriented questions and seek out and arrange scientific knowledge and 
evidence to advance their learning and structure their thoughts (NRC 2000). In science 
education, the inquiry process provides the students with the structures necessary to enable 
them to understand scientific knowledge production and, as such, its limitations, thereby 
better equipping them to take part in decision-making on issues relating to science and the 
wider world (Flick and Lederman 2006). Engaging in such processes would support the pre-
service teacher to think and act like a scientist and so better position themselves to lead such 
activities in the classroom.  
 
It would be worth considering the aims and learning outcomes of each module, to determine 
what aspects of scientific literacy each seeks to achieve. It would also be worth considering 
how each module contributes to a graduate teacher who is equipped to teach in post-primary 
schools, with a focus on key skills in line with the Junior Cycle Framework. 
Problem-based Learning for Education for Sustainable Development in Science Education 
Teacher educators spoke of the problem-based element of their work in relation to engaging 
in scientific research. One interviewee described in detail his work in identifying uses for the 
by-products of agriculture and industry. Left untreated, these by-products would pose an 
environmental threat to land and water, but through scientific investigations, appropriate 
recommendations could be made for their use or disposal. Such problem-based focus is an 
important aspect of practical science applications.  
As emphasised by Wiek et al. (2016), all teaching should contribute to a learner that can 
apply problem-solving frameworks to complex sustainability problems and develop viable 
solutions. PBL is appropriate to science education (Gallagher et al., 1995; Akinoğlu and 
Tandoğan 2007; Gallagher et al., 2015) and is an effective pedagogical tool for ESD (Bessant 
et al., 2013; Wiek et al., 2014; Cörvers et al., 2016). The benefit of PBL in the context of 
ESD is that the learner is presented with a real-world problem and learning is supported 
through authentic inquiry. The problem is genuine, engaging and relevant to the real world 
and the learner. It requires inquiry, information-gathering and reflection for students to 
collectively arrive at a proposed solution. To engage in PBL, the learner must use an iterative 
process of assessing what they know, determining what additional information they require, 
collecting that information, and collaborating on the generation and evaluation of hypotheses 
 
 140 
in light of the data they have collected (Stepien et al., 1993). As students become invested in 
the process, their motivation and perseverance to learn are enhanced (MacKinnon 1999), so 
too are their skills of critical thinking and creativity (Torp and Sage 2002; Gallagher 2015), 
which are crucial to ESD, and an important characteristic of being an effective teacher.  
Given the collaborative nature of many PBL approaches, some issues can arise in teaching 
through PBL. These include failure of members to engage in the process, lack of preparation, 
dominant students and “freeriders”, conflicts within the group, concern among students about 
lack of material covered, and students’ inexperience of such teaching and learning 
approaches (Bessant et al., 2013). Engaging in PBL requires a change in the relationship 
between the educator and the student. It requires particular skill on the part of the educator to 
follow the flow of discussion and to intervene only when necessary to advance students’ 
thinking (Boud and Feletti 1999). 
Given the findings on problem-based science and the appropriateness of taking a problem-
based approach to teaching science and ESD, the researcher advocates for the inclusion of an 
Science Problem-based Learning Experience (SPBLE) similar to that described by Gallagher 
et al. (1995) in the Science Education programme. This would be particularly relevant in the 
latter stages of a module, with the problem being posted early in the module and some 
contact time devoted to the lecturer facilitating an exploration of the problem. Students would 
be required to conduct desk-based inquiry independently and take responsibility for engaging 
in scientific processes to investigate aspects of the problem at hand. Laboratory sessions 
would be more loosely framed to allow students to determine an appropriate approach to 
support their investigation. During problem resolution, pre-service teachers would use their 
data and other evidence to formulate a solution, or a solution set, for the problem posed. 
Some opportunity for scaffolded discussion would be provided to allow for sharing and 
debriefing 
Adopting a Department-wide Commitment to Education for Sustainable Development   
Teacher educators who engaged in the research in general spoke positively about 
incorporating sustainable development into their teaching. However, research participants did 
not reflect a department-wide recognition of or commitment to ESD, or a sense that it was 
particularly valued as part of the teaching goals of modules pertaining to science components 
of the Science Education programme. Rather, they spoke of sustainability in the context of 
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overlapping themes within their modules. While they noted the importance of learning about 
sustainability, it was not a prevalent or consistent theme across the programme. 
ESD has been described as a “paradigm shift” (Sterling 2004), and not merely a simple 
addition of sustainability to curriculum. This is an ambitious endeavour. The structure, form, 
history and politics of education are deep rooted in serving the multiple roles of education 
from academic rationalism to humanism, social efficiency and social reconstruction (Luke et 
al., 2012). To seek to reorient education systems, policies and practices to facilitate 
sustainability (UNESCO 2002) shifts to place the emphasis on ameliorating social problems 
and engendering social reconstruction above all else (Schiro 2013). For ESD to be 
transformative, the educational institution as a whole must reorient towards sustainability, 
involving a rethink of the curriculum, campus operations, organisational culture, student 
participation, leadership and management, community relationships and research. In this way, 
the institution itself functions as a role model for the learners (UNESCO 2014c). For 
sustainability to be effectively integrated into higher education and, as such, into ITE, it must 
be part of the culture of the establishment, embodied in research initiatives, teaching and 
professional practice, and reflected in management and operational parameters (Barth 2015). 
A recommendation from this research is that ESD be specified as central to the Science 
Education programme, highlighting the importance placed on it as a learning outcome, and 
the value placed on it by teacher educators in relation to its place in the delivery of science as 
an academic discipline. As the programme is delivered both by the Department of Science 
and the Department of Education, this would require agreement from the course board in 
reviews of the programme, and a commitment from the course director and module leaders to 
position ESD within the goals and implementation of the programme. This might involve the 
inclusion of a statement of commitment in programme documentation; for example, an 
objective such as “The programme will instil in students the importance of teaching for 
sustainability and equality within the discipline of science.” Importantly, it would imply a 
series of actions within the running and organisation of the programme to visibly promote 
justice and sustainability as core values.  
 
Such a commitment would result in ESD being embedded as a cross-cutting theme of the 
programme, where issues relating to sustainability are included across modules and threaded 
together by the many teacher educators involved. Professional development opportunities 
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might be offered to teacher educators. Supporting materials such as infographics or 
interactive online applications may support this department-wide vision. Learning outcomes 
relating to ESD and the SDGs would be included in module outlines, and reflected, where 
appropriate, in teaching, learning and assessment. Educators could also explore the potential 
for students to log their engagement with ESD in a portfolio entry-type activity through the 
years, with an expectation of entries on ESD at regular intervals.  
 
A commitment to sustainable development through science would be a visible element of the 
culture of science within the teaching and learning environment. It would be reflected in the 
behaviours, ideas, beliefs, values, symbols and knowledge transmitted (Geertz, 1973).  
Messages on sustainable development would be to the forefront of the physical environment, 
as well as in curriculum and activities or events associated with the programme. The onus 
would be on the teacher educator to identify, where appropriate, how their module would 
address and refer to science in society, sustainability in local and global communities, and 
aspects of the SGDs. ESD would become integrated into what students see, hear and 
experience on a daily basis.  
 
Science and Society 
Research participants spoke of the impact that science has on society. Predominantly, 
discussions focused on the positive aspects of science and technology to improve living 
standards. However, negative effects were also noted. They explained that science is 
influenced by factors such as research funding, corporate interests and regulations. They also 
identified some considerations relating to the place of ethics in science and the importance of 
building scientific literacy to enable informed debate and decision-making around SSI.   
Developing Scientific Literacy for Engagement in Socio-scientific Issues 
Teacher educators spoke of the impact that science has on society and the wellbeing of 
people and the planet. They spoke of the positive impacts of science and technology, but 
noted that while advances have resulted in improved living standards across the globe, 
scientific knowledge also has the capacity to be used for harmful purposes. They highlighted 
the risk of unintended consequences and unforeseen long-term effects of scientific 
applications. They mentioned the lucrative enterprise that surrounds science, the influence of 
corporate interests and research funding, the ego of scientists, and the questionable place of 
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ethics in science. They spoke of how scientific information can be manipulated for public 
consumption and how mixed or unclear messages can contribute to a public distrust of 
science.  
With respect to this, teacher educators spoke of the importance of supporting pre-service 
teachers to develop critical scientific literacy, and the capacity to understand and contribute to 
scientific debate relating to important SSI. They indicated that “everything should be up for 
discussion” and that to deny such debates is akin to “a form of censorship”. Pre-service 
teachers also spoke of the importance of looking at science in society and teaching this as part 
of their science subjects, thereby enabling pupils to “open their eyes” to science and 
technology in the real world. Pertinent issues that may form the basis for socio-scientific 
discussion in the classroom today include the Covid-19 global pandemic, the climate change 
crisis and clean forms of energy generation.  
Building critical literacy in pre-service science teachers would require them to be cognisant 
of the influencing factors on scientific reporting. It would imply that they are capable of 
identifying reliable data and sources of information, recognising biases and contradictions, 
generating primary data, being solutions-focused and futures-orientated, and constructing 
arguments that are evidence-based. Fake news, inaccurate reporting and misleading headlines 
during the Covid crisis resulted in confusion and anxiety among the public leading to the 
HSE (2020) publishing guidelines on dealing with misinformation during the pandemic. 
Scientific learning about the production of vaccines, disease control, as well as the process of 
identifying evidence-based information, and considering human behaviour and choices in 
such situations can be incorporated into the teaching of SSI. In such situations, students may 
also be supported to consider the local – global aspects of the pandemic, in relation to 
individual countries’ capacity to respond appropriately to the outbreak, and the responsibility 
of developed nations to support those less resourced.  
Including SSI in the teaching of science is considered an important part of achieving 
scientific literacy for responsible citizenship (Bybee, 1993; Zeidler and Sadler 2008; Zeidler 
and Nichols 2009). Teaching about issues draws upon such scholarly areas of study as moral 
and emotional development, as well as ethics (Zeidler et al., 2003; Zeidler et al., 2005). 
According to Zeidler and Sadler (2008), this influences how the learners see and perceive 
knowledge, and facilitates them to connect with their own values, ethics and morals. 
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SSI may be described as issues that relate to scientific topics but that also have a sensitive or 
controversial element; they require a degree of moral reasoning or the evaluation of ethical 
concerns, in order for a conclusion to be reached on how they might be resolved (Zeidler et 
al., 2009; O’Flaherty and Doyle 2012; O’Flaherty and Gleeson 2014; O'Flaherty and Gleeson 
2017). They have two essential elements – a link to science content and a social importance 
(Eastwood et al., 2012). Such social science-based problems are open-ended, ill-structured 
and debatable, and involve multiple perspectives and interpretations (Khishfe et al., 2017).  
While they may cover a wide range of issues, many are reflective of the UN SDGs.  
Teaching of SSI in science education draws on the learning, knowledge and understanding of 
the NOS, as engagement with SSI requires the learner to use skills of inquiry, analysis, 
communication and argumentation (Driver et al., 1996; Sadler et al., 2004). Zeidler (2009) 
states that such issues provide entry points into science curricula, allowing for the 
development of scientific literacy by promoting the exercise of informal reasoning, where 
students are compelled to consider and argue varied perspectives on complex issues that are 
ill-structured, yet fundamentally important to life and society. He goes on to say that SSI can 
be used to challenge the assumptions of dominant knowledge claims, to form character traits 
such as empathy, caring, responsibility and willingness to take action on issues, to enhance 
moral sensitivity and moral reasoning (Zeidler 2014). 
Engaging in educational initiatives around SSI can foster a sense of ownership and 
enthusiasm about related action, contributing to the learners’ levels of advocacy. The more 
engaged students are at generating claims or arguments relating to SSI, the more engaged 
they become with related issues (Hodson 2010; Bencze and Sperling, 2012), as they, re-
evaluate their prior understandings of the issues, and as such they can reconceptualise their 
understanding of the subject matter through personal experiences and social discourse 
(Zeidler and Nicholas 2009). 
However, it is important to note that some researchers are critical of the issues-oriented 
approach to science education. They fear that devoting time to SSI may mean that the 
fundamentals of science are not taught, and that science content knowledge loses out to 
technological issues and social analysis. They warn against this, saying that to focus on 
today’s problems without having established solid scientific learning will not equip the 
learner to react to problems of the future (Kromhout and Good 1983). Related to this are 
concerns about poor academic achievement in science, and the potential negative 
 
 145 
implications for employment and the economy. In addition, some are concerned that learning 
outcomes associated with the teaching of SSI will not be attainable, given that the complex 
nature of most real-world problems may require a higher level of science or a more mature 
understanding of political and economic forces (DeBoer 2000).  
Collaborative opportunities for constructing and communicating evidence-based viewpoints 
relating to SSI are important for ESD and for scientific competence more generally (Zeidler 
and Nicholas 2009). In relation to ESD, SSI in science aligns strongly with characteristics 
such exploring social issues (UNESCO 2012), using active learning pedagogies (UNESCO 
2005), developing skills of critical thinking (McKeown 2002; Rieckmann 2012) and the 
moral and ethical dimension (UNESCO 2002). ESD relates to looking at real-world 
development problems and devising informed and culturally appropriate solutions that bring 
about change in behaviour; so too does SSI.  
In the classroom, SSI are explored using a variety of techniques, including inquiry, discourse, 
discussion, argumentation and debate (Zeidler and Nichols 2009). The argumentation aspect 
of science aligns well with ESD. The capacity to devise arguments based on evidence 
supported data, to test the arguments and to take on board counter points and rebuttals is an 
important part of being a socially aware and active citizen. A recommendation of this 
research is to include consideration of SSI in biology related modules in the programme. 
Establishing a Science in Society Module 
Teacher educators noted the challenges that they faced in providing opportunity for dialogue, 
discussion and debate in the learning spaces associated with the Science Education 
programme. As outlined in the “Structure and Nature of Scientific Knowledge” section in the 
present chapter, considerable efforts are made to transmit large amounts of specialist 
knowledge in lectures, with laboratory sessions used to develop practical skills. Even if this 
were to be reduced, the discursive tutorial-type learning spaces associated with the education 
component of the programme are not available to pre-service teachers for science-related 
modules.  
In response to this, some teacher educators suggested the introduction of a Science in Society 
module in the Science Education programme. This would provide the opportunity to explore 
SSI, as well as associated topics such as ethics, public understandings of science, and the 
NOS. This would take the form of a standalone module, but drawing from the learning of 
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other modules. It would be constructed collaboratively from teacher educators across the 
department and building upon the feedback of pre-service teachers from previous years. It is 
important that the Science in Society module would link with the local environment from the 
perspective of bringing about change. In the past, a similar module was a mandatory 
component of Technology related ITE programmes within the participant HEI. The module, 
entitled Science, Technology and Society explored key contemporary perspectives on the 
relationships between science, technology and society. It explored determinants of 
technological progress, the impacts of science on social outcomes, and the implications for 
public policy formation of “knowledge-based societies”.  
Many universities now offer broad scoping modules across the institution, bringing together 
learners from a variety of disciplines to explore themes relating to sustainability. Some of 
these address science and society. UCC currently offers a generic university-wide five-credit 
Science in Society module addressing issues such as the NOS, scientific discoveries, ethical 
issues in science, public understanding of science and science in the context of religion, the 
environment, health, and the modern economy (UCC 2020). Similarly, the University of 
Leeds in the United Kingdom offers discovery modules aimed at broadening the students’ 
experience beyond their core discipline. One such module is Science and Society: The 
Critical Interface, which supports learners in understanding the effects of science on society 
and the environment, but also considers how scientific results are communicated, to and 
perceived by, the public (University of Leeds 2020). 
However, the idea of a stand-alone module contradicts, in some ways, the Strengths Model, 
which advocates that each subject and disciplinary area embeds ideas of sustainable 
development into their teaching. Such an approach places the responsibility on individual 
educators to teach for sustainability (McKeown and Hopkins 2003; Hopkins et al., 2005). 
The researcher recommends exploring opportunities to develop and deliver a Science in 
Society module as a mandatory component of the Science Education programme. It would be 
beneficial in exploring the social contributions and implications of science in a manner that is 
consistent with ESD, which would align with Junior Cycle science learning outcomes. Such a 
module would provide an opportunity for opening discussion on science as it pertains to local 
and global issues, challenges and demands. Many of the issues represented within the SDGs 
draw on a variety of interests and agendas – cultural, political, economic, social and 
environmental. Students might be supported in asking how political decisions are made, how 
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science can inform decisions, how science can support development in a way that is 
sustainable and safe, and what ecological, social and economic factors should be considered 
when making decisions.  
However, the development of a Science in Society module would not preclude the need for 
module leaders to include sustainability in their subject-specific modules. The stand-alone 
model, while allowing dedicated space, would only be effective if it draws on other modules, 
expands on ideas formulated in them, and offers new perspectives to consider. Otherwise, it 
is likely to have the detrimental effect of suggesting that the social implications of science 
can be considered in isolation of scientific practice. It might be positioned as a capstone 
module and require students to reflect upon previous learning to consider real-life 
applications of science in today’s world.  
If the Science in Society module was offered to other programmes in the university, it could 
provide an opportunity for pre-service teachers to engage in cross-disciplinary work with 
peers in disciplines such as the social sciences, politics and engineering. ESD is often 
presented as an interdisciplinary endeavour, bringing together professionals from a variety of 
fields to address local and global development issues (DeHaan 2010; Rieckmann 2012; Barth 
2015; Eilks 2015; UNESCO 2015). So complex are the issues at hand that they cannot be 
adequately understood or addressed without an appreciation of interrelationships, which can 
only be achieved by bringing together professionals from a variety of disciplines.  
The introduction of this module might also offer an opportunity to link the hard, technical 
aspects of science with its parallel counterpart, educational studies. Education modules on the 
programme foster a particular set of skills, including critical thinking, moral reasoning, 
dialogue and communication. Core areas include foundation disciplines, the history of 
education, education policy, classroom management, and the teaching profession, as well as 
school placement and reflective practice (Teaching Council 2017b). They support the pre-
service teacher in considering the role of education, questioning its purpose and their own 
personal ideologies and identities as emerging teachers. It supports them in establishing and 
enacting positive learning experiences for their pupils (Teaching Council 2017b). As outlined 
in the Literature Review, the education modules within the Science Education programme 
already offer a number of ESD-related inputs in their delivery (Ubuntu Network 2019a). 
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The discussions outlined in this chapter are the key considerations contributing to the 
conclusions from the research study. In summary, in relation to the structure and nature of 
scientific knowledge, a significant challenge exists in the selection and packing of content 
knowledge in science-related modules, in a form that allows space and time for the 
development of scientific skills and civic engagement. While sustainability themes are 
present in modules, the focus is predominantly on imparting technical knowledge, rather than 
studying social or economic considerations. A reduction in the content of modules is 
recommended, along with an audit of ESD-related themes across modules. With regard to 
science as a culture, pre-service teachers’ experiences are largely scaffolded and structured. 
What is recommended is a move towards inquiry-based learning and PBL to build the skills 
associated with scientific literacy and practice. In parallel, a department-wide consolidated 
approach to making ESD central to the programme, and a commitment by educators to 
address ESD in their teaching, would create a more proactive learning environment for 
sustainability. In relation to science and society, it is recommended that SSI be made central 
to science pedagogies and that a Science and Society module be developed that might 
potentially be offered beyond the programme. These considerations are summarised in the 
concluding chapter.  
Chapter 6: Conclusion 
This chapter synthesises the work that has been carried out in the study. It summarises key 
findings relating to the lived nature of science as an academic discipline in the context of an 
ITE Science Education programme in a HEI and presents recommendations for the 
integration of ESD into the programme.  
Using ethnographic principles and perspectives, the study looks at the structure, culture and 
values associated with the academic discipline of science and presents an account of how 
science is perceived, enacted, communicated and taught within an undergraduate Science 
Education programme. It highlights key points for consideration when exploring 
opportunities for integrating ESD into the programme and provides recommendations on 
approaches to adapting the programme to enhance pre-service teachers’ and graduates’ 
competence to teach for sustainability and social justice through the teaching of science.  
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The study shows that the nature of scientific knowledge is hard, technical, cumulative and 
subject to change over time. Value is placed on the acquisition and layering of knowledge 
across the discipline and sub-disciplines. This poses challenges for packaging biology-related 
modules in a form that is manageable for pre-service teachers, yet comprehensive and 
representative of the sub-discipline. Such a focus on maximising technical disciplinary 
knowledge results in largely didactic forms of teaching in lectures and scaffolded and 
prescriptive laboratory sessions. This poses a challenge for incorporating ESD perspectives 
and pedagogical approaches.  
While students are exposed to a range of framed and prescribed teaching and learning 
experiences, including lectures, laboratory sessions and field trips, they do not experience 
many of the more challenging and uncertain experiences of their postgraduate counterparts. 
As such, they are not fully enculturated into the ways in which graduate scientists act, think, 
behave and communicate. Opportunities for inquiry-based, self-directed and autonomous 
learning do not seem prevalent. In addition, learning spaces where collaborative discussion 
and debate on scientific issues might take place seem largely absent. Instructive forms of 
teaching are not ideally suited to ESD, which draws on active, participatory and collaborative 
learning methods.  
While sustainability themes are included in modules, they tend to focus on imparting 
technical, scientific knowledge associated with the issue rather than developing ESD 
competencies such as critical thinking or integrated problem-solving. The focus on 
sustainability issues is confined almost entirely to environmental issues, rather than 
broadening perspectives into related social, economic, political or cultural perspectives, as is 
typical of ESD. This reflects the structure of scientific knowledge and the culture of the 
academic discipline. Interdisciplinary work is not a feature of the programme and 
opportunities to work on sustainability challenges with other disciplines that might present 
different perspectives are not apparent.  
Teacher educators expressed varying degrees of interest in relation to teaching for 
sustainability. Some spoke favourably about providing pre-service teachers with the 
opportunity to engage in discussion about science and society. Others highlighted that some 
areas of study are overly technical as to allow for real world applications or considerations of 
sustainable development. It is important to acknowledge other factors that influence the work 
of teacher educators in their academic fields such as funding for research, professional 
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recognition and institutional drivers. Pre-service teachers are also positively disposed to 
learning and teaching about development issues. Again, it is important to note other 
challenges to achieving this, including an intensive ITE curriculum, lack of content 
knowledge about development issues, and the failure to transfer learning from one context to 
another.   
Some teacher educators spoke positively about the inclusion of SSI in science education, and 
the importance of reflecting upon the ethical and moral aspects of real-world scenarios. They 
spoke about the importance of having public debate on issues such as clean energy, GMOs 
and water provision. They spoke about the importance of scientific literacy to critically 
evaluate scientific information and arguments in public discussions. Some spoke of the 
importance of expanding societal aspects of the Science Education programme. 
Based on these observations and considerations, and supported by related literature, the 
following are the key recommendations from this study.  
1. The quantity of technical content in biology-related modules should be reduced to 
allow pre-service teachers space to develop critical skills and reflect on their learning. 
There should be an increased focus on skills development through inquiry-based 
learning, including PBL and debate/argumentation, with a focus on sustainability and 
socio-scientific issues.  
 
2. Modules leaders should conduct an audit of science-related modules to identify 
thematic areas relating to sustainable development, with particular attention given to 
overlapping environmental, social and economic components. Modules should be 
aligned with the SDGs, and further opportunities for the integration of sustainable 
development issues identified. Sustainable development should be reflected in module 
assignments and assessments. 
 
3. Science-based modules should reflect inquiry-based learning in science, with 
particular reference to the NOS, as outlined in the Junior Cycle science specification. 
Special focus should also be given to supporting pre-service teachers to use the SSI 




4. Those within the Department of Science and the Department of Education should 
adopt an overall strategic approach to integrating ESD in the Science Education 
programme. They should name ESD a key deliverable within the Science Education 
programme. A commitment should be made to integrating it as a cross-cutting theme 
in the programme. It should be presented in course documentation and introduced to 
pre-service teachers as an integral part of becoming a science teacher.  
 
5. A Science and Society module should be developed, to include consideration of the 
NOS, the roles of science in society, science and the economy, exploring SSI, 
interdisciplinary learning and action projects within the university and with local 
communities. It should draw upon the learning from other science related modules on 
the programme to reinforce that sustainable development is relevant to all aspects of 
science, and is not merely an ‘add-on’ element.  
 
My experiences of engaging in this research have emphasised to me the importance of 
considering the nature of academic disciplines when planning approaches to integrating ESD. 
As coordinator of the Ubuntu Network, I work with teacher educators of many subject 
disciplines to support them to include concepts relating to equality and sustainability in their 
teaching. With so many generic resources and materials available, it is often tempting to 
adapt exiting work to fit into different subject contexts. The non-specific nature of such 
approaches however may be inadequate and inappropriate within the environment of a 
particular subject. Efforts to integrate ESD must be cognisant of what is valued in that subject 
area and what pedagogical approaches are deemed suitable. They must respect the historical 
footprint of the subject and the learning outcomes that are important to the subject.  
The inclusion of a Science in Society module in Science Education programmes is an 
exciting prospect. With the complexities of social issues and the prevalence of 
misinformation, particular attention must be given to pre-service teachers’ critical literacy. 
Such a module would allow for the generation of a curriculum specific to the learners’ 
context and locality, while also reflecting on global considerations. Moreover, it would 
introduce a discursive element to the Science Education programme, which currently appears 
to be lacking. 
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In conclusion, significant opportunities for the integration of ESD into science education 
exist but efforts to capitalise on them must recognise the structure, culture and values of 
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Appendix A: Teacher Educator Interview Guide and Prompts 
1. The Knowledge Associated with the Discipline  
• Tell me about your area within science. How did you get there? Are you a biologist or 
more specialised? 
• What is the essence of biology? What is it about? How is knowledge formed? What 
“knowledge” do you consider fundamental? What about the breakdown of specialisms 
within biology? Do you have to specialise? Are disciplines breaking down, or are they 
changing? As a biologist, how do you find out about your field?  
• What approaches to thinking are important?  
2. The Norms and Practices Associated with the Discipline  
• What do biologists do in the laboratory, in fieldwork? What instruments do you use?  
• What are the practices and techniques that you use from day to day?  
• What kind of jobs do biologists in Ireland end up doing? 
• What skills do you develop? How are these skills developed? 
• Is talking to other biologists an important part of your work? Is reading important? 
Are conferences important? What about independent research? 
3. Values and Attitudes Associated with the Discipline  
• What is a good biologist? What are the criteria for judgement? 
• Do you enjoy biology? What bits in particular? What makes it a good day? What 
would make someone seek a career in biology? 
• Do ethical issues arise? Does biology contribute to the overall good? Are there ways 
that it can potentially be destructive? Are these addressed in biology? 
• How valuable are scientific findings to society? Are there any examples within your 
own area where scientific claims resulted in good/bad things? Does it make you 
question the use of science to influence society? What do you value as a scientist? 
4. Status and Power Held by the Discipline 
• Is biology a high-status discipline? Or are there specialist areas that are considered 
higher status than others? Why? 
• Are the fundamentals of biology the same the world over? Has biology emerged 
differently in Ireland from the way it has emerged in other countries? Are some 
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regions more interested in some specialist areas than others? Have you seen 
differences (if you worked abroad)? 
• Scientific reports are often used to back up action and strategies, therefore, can we say 
that scientific knowledge is a form of power? How valuable are scientific findings to 
society? Are scientific reports held in high regard? Do biologists question scientific 
outcomes/reports? Do you think society as a whole gives too much power to scientific 
findings? Are there any examples within your own area where scientific claims were 
made to support actions that turned out to have negative results?  
• Are there other influencing factors on what is carried out within biology (e.g. 
research) and how it’s carried out (e.g. biotechnology companies funding research in 
genetic engineering, seed patents, funding for solutions to climate change)? Does this 
impact on how it gets reported? 
• Is there a profile of a person who enters into biology? Is it regarded as a good job to 
be in? Could it ever be under threat?  
5. How is the Discipline Communicated (Framing)? 
• How do students learn to be biologists? How do they develop skills? What is the 
contribution of lectures? Of labs? Of field trips? How do they apply what they learn? 
• How closely are they monitored – in their learning activities? Is there a surveillance 
aspect to teaching them? How important is assessment? Is there a danger that students 
focus too much on assessment and less on learning the discipline? 
• Where are students, by the time they leave here? Are they scientists or teachers (both 
or neither)? How far along the road are they? What more do they have to do to 
become specialist in their area? Are there stages which they go through in becoming a 
biologist? Are there milestones to be reached? Are there “rites of passage” in 
becoming a scientist?  
6. The Relationship of Science with Other Disciplines 
• Is a strong knowledge base the foundation of the discipline? Is the material to be 
learned in biology strongly set? Or do students have flexibility in what they choose to 
learn? Is it open to interpretation?  Are there parts of biology that overlap with other 
disciplines? What other disciplines would you talk to (e.g. biochemistry, sociology)? 
7. Ethics 
• What is the place of ethics in biology? Where does responsibility lie? Is there an onus 
on scientists to respond to sustainability issues that are emerging?   
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Appendix B: Focus Group Questions for Pre-service Teachers 
 
Topic 1: Your Science Education Programme 
1. How do you find the course – challenges? Good things? 
 
Topic 2: Your Views on Teaching and Learning Science 
1. Why do you think science is important as a subject? 
2. What does it mean to be a good science teacher? 
3. What kind of “contemporary issues” does science relate to? What issues are you 
particularly interested in? Why are you interested in these issues? 
 
Topic 3: Your views on ESD 
1. What is your understanding of ESD? 
2. What is your view of the role of ESD in science? 
3. If we look beyond science and think of the greatest inequalities, injustices… 
unsustainable practices in the world (locally/globally), what issues do you think of? 
4. Does science allow you to find out more about these issues? 
5. Do you read/search the internet to find out more about these issues? Why? Why not?  
6. Do any of these issues relate to Africa/the third world? 
7. How can science help/hinder the third world? 
8. Do any of these issues relate to the human side/global responsibilities? 
9. Is it reasonable to bring these issues into the science education programmes? How 
might we do this? 





Appendix C: Information Sheet for Teacher Educators 
 
 
A Study of Opportunities for the Integration of Education for Sustainable Development 
(ESD) into the Teaching of Biology-related Modules in the Science Teacher Education 




Background: Education for Sustainable Development (ESD) is as a process of supporting 
people to better understand the world in which they live and address the complexity and 
interconnectedness of social, economic and environmental development issues both at the 
local and global level (UNESCO, 2003). It addresses challenges, including poverty 
alleviation, citizenship, peace ethics, democracy and governance, environmental 
conservation, justice, security, human rights, health, gender equity, cultural diversity, rural 
and urban development, economy, production and consumption patterns, and corporate 
responsibility (UNECE, 2005, p.4). In 2005, UNESCO published guidelines and 
recommendations (UNESCO, 2005) for reorienting teacher education to address 
sustainability. This research builds upon these guidelines, concentrating specifically on the 
teaching of biology disciplines. 
Purpose: The purpose of this research is to determine how the knowledge, skills and 
attitudes associated with ESD can be integrated into biology-based modules in the Science 
Education programme.  
Research will seek to develop an understanding of: 
 Biology-related modules in the Science Education programme – existing ESD and 
opportunities for ESD. 
 Biology as a subject discipline – the values, skills, and associated cognitive areas. 
                                                     





 The emergence of ESD as a concept, and the emergence of its identity. 
 The nature of the relationship between parallel disciplines – biology and ESD. 
 
Data Collection: the research will use qualitative data collection methods, centering on an 
ethnographic approach. The purpose of ethnography is to create an accurate insider account 
of a particular subject of interest (in this case the identity and teaching of biology, and how it 
relates to ESD). It will be achieved using various methods, including interviews, dialogue and 
observation. The emphasis will be on working together and co-constructing a true 
representation of meaning. 
Confidentiality: every effort will be made to ensure confidentiality of data, which will be 
securely held in a locked filing cabinet in the Ubuntu Network office, BM-017, and will be 
retained for 7-10 years (as required by the UL Ethics Committee). 
Anonymity: due to the uniqueness of the case study, it may not be possible to retain 
anonymity of participants in all situations. To overcome this, participants will be invited to 
view transcripts and project outputs and will have opportunity to withdraw statements or data 
before publication.  
Research Output: the research will contribute to a thesis submission for a Master of 
Education by the researcher. It is envisaged that academic publications will arise from the 
work. The results of this project will inform current and future initiatives to integrate ESD 
into post-primary initial teacher education. 
Further Information: further information can be obtained from the principal investigator, 
Dr Roland Tormey, Department of Education and Professional Studies, University of 
Limerick (email roland.tormey@ul.ie) or researcher, Deirdre Hogan, Coordinator of the 
Ubuntu Project, Department of Education and Professional Studies, University of Limerick 
(061 233289 or by email at deirdre.hogan@ul.ie). If you have concerns about this study and 
wish to contact someone independent, you may contact: The Chairman of the University of 
Limerick Research Ethics Committee, c/o Vice President Academic and Registrar’s Office, 





Appendix D: Informed Consent Sheet for Teacher Educators  
 
  
A Study of Opportunities for the Integration of Education for Sustainable Development 
(ESD) into the Teaching of Biology Related Modules in the Science Teacher Education 
Programme at th………………………………………………e 2 
 
Research Participant Consent Form 
 
This study seeks to understand the nature of science as an academic discipline and how 
aspects of Education for Sustainable Development (ESD) can be integrated into the teaching 
of biology (science) in post primary initial teacher education. The study will be completed 
with the support and participation of module leaders of biology disciplines delivered on the 
B.Sc.Ed programme.  
You are invited to take part in the research, you may choose to take part as little or as much 
as you wish. You are under no obligation to participate in the research and may withdraw at 
any time. Should you agree to take part, and sign this consent form, you may still decide after 
data collection, that you do not wish for your data to be included for analysis. 
Research will involve qualitative data collection in the form of interviews, conversation and 
dialogue, and co-construction of an accurate representation of the research issues. Interviews 
may be recorded for accuracy purposes. The interview recording and transcripts will be 
stored in a secured environment in UL, for a period of 7-10 years, as required by the UL 
Research Ethics Committee, and will only be accessed by the principal investigator Dr. 
Roland Tormey, EPS and researcher Deirdre Hogan, EPS.  
 
It is intended that the research will contribute to a thesis submission for a Masters of 
Education by the researcher. It is envisaged that academic publications will arise from the 
                                                     
2 Text identifying the participant institution has been redacted to maintain anonymity of the research participants 
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work. The results of this project will inform current and future initiatives to integrate ESD 
into post primary initial teacher education.  
 
Further information can be obtained from the principal investigator, Dr. Roland Tormey, 
Department of Education and Professional Studies, University of Limerick (email 
roland.tormey@ul.ie) or researcher, Deirdre Hogan, Coordinator of the Ubuntu Project, 
Department of Education and Professional Studies, University of Limerick (061 233289 or by 
email at deirdre.hogan@ul.ie). If you have concerns about this study and wish to contact 
someone independent, you may contact: The Chairman of the University of Limerick 
Research Ethics Committee, c/o Vice President Academic and Registrar’s Office, university 
of Limerick, Limerick, Tel (061) 202022.  
 
The University of Limerick is subject to the Freedom of Information Act and all research 
procedures will adhere to the provisions of Data Protection legislation. 
 
“I have read and understand the Information Sheet Provided in relation to thie research. I 
understand how the research will be conducted and disseminated. I know that participation is 




Signed: ________________________________________________ Date: ________________ 
 
 
Witnessed: _____________________________________________ Date: ________________ 
 
 
Investigator: ____________________________________________ Date: ________________ 
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Appendix E: Information Sheet for Pre-service Teachers 
  
 
A Study of Opportunities for the Integration of Education for Sustainable Development 
(ESD) into the Teaching of Biology-related Modules in the Science Teacher Education 




Background: Education for Sustainable Development (ESD) is as a process of supporting 
people to better understand the world in which they live and address the complexity and 
interconnectedness of social, economic and environmental development issues both at the 
local and global level (UNESCO 2003). It addresses challenges, including poverty 
alleviation, citizenship, peace ethics, democracy and governance, environmental 
conservation, justice, security, human rights, health, gender equity, cultural diversity, rural 
and urban development, economy, production and consumption patterns, and corporate 
responsibility (UNECE  2005). UNESCO (2005) has published guidelines and 
recommendations for reorienting teacher education to address sustainability.  
Purpose: the purpose of this research is to determine how the knowledge, skills and attitudes 
associated with ESD can be integrated into biology-based modules in the Science Education 
programme.  
This focus group will seek to capture your views on: 
 The Science Education programme. 
 Science and the nature of science. 
 Education for Sustainable Development and its place in science. 
 
Data Collection: focus groups will be used to obtain information from participants in 
relation to the topics above. Each focus group will comprise six to eight pre-service teachers 
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and will last for approximately 35-40 minutes. Focus groups will be audio recorded and 
transcribed for accuracy.  
Confidentiality: every effort will be made to ensure confidentiality of data, which will be 
securely held and will be retained for 7-10 years (as required by the UL Ethics Committee). 
Anonymity: to ensure anonymity, focus group participants will not be named on transcripts.  
Research Output: the research will contribute to a thesis submission for a Master of 
Education by the researcher. It is envisaged that academic publications will arise from the 
work. The results of this project will inform current and future initiatives to integrate ESD 
into post-primary initial teacher education. 
Further information: further information can be obtained from the principal investigator, Dr 
Roland Tormey, Department of Education and Professional Studies, University of Limerick 
(email roland.tormey@ul.ie) or researcher, Deirdre Hogan, Coordinator of the Ubuntu 
Project, Department of Education and Professional Studies, University of Limerick: Tel. 
(061) 233289 (or by email at deirdre.hogan@ul.ie). If you have concerns about this study and 
wish to contact someone independent, you may contact: The Chairman of the University of 
Limerick Research Ethics Committee, c/o Vice President Academic and Registrar’s Office, 








A Study of Opportunities for the Integration of Education for Sustainable Development 
(ESD) into the Teaching of Biology-related Modules in the Science Teacher Education 
Programme at t th………………………………………………e  4 
 
Research Participant Consent Form 
 
This study seeks to understand how aspects of Education for Sustainable Development (ESD) 
can be integrated into the teaching of biology (science) in post-primary initial teacher 
education.  
You are invited to take part in focus groups pertaining to the research. You are under no 
obligation to participate in the research and may withdraw at any time. Should you agree to 
take part, and sign this consent form, you may still decide after data collection, that you do 
not wish for your data to be included for analysis. 
Focus groups will be used to ascertain information in relation to the research topic. Each 
focus group will comprise 6-8 pre-service teachers and will last for approximately 35 – 40 
minutes. Focus groups will be audio recorded and transcribed for accuracy. The focus group 
recordings and transcripts will be stored in a secured environment in UL, for a period of 7-10 
years, as required by the UL Research Ethics Committee, and will only be accessed by the 
principal investigator Dr Roland Tormey, EPS and researcher Deirdre Hogan, EPS.  
It is intended that the research will contribute to a thesis submission for a Master of 
Education by the researcher. It is envisaged that academic publications will arise from the 
work. The results of this project will inform current and future initiatives to integrate ESD 
into post-primary initial teacher education.  
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Further information can be obtained from the principal investigator, Dr. Roland Tormey, 
Department of Education and Professional Studies, University of Limerick (email 
roland.tormey@ul.ie) or researcher, Deirdre Hogan, Coordinator of the Ubuntu Project, 
Department of Education and Professional Studies, University of Limerick (061) 233289 (or 
by email at deirdre.hogan@ul.ie). If you have concerns about this study and wish to contact 
someone independent, you may contact: The Chairman of the University of Limerick 
Research Ethics Committee, c/o Vice President Academic and Registrar’s Office, university 
of Limerick, Limerick: Tel. (061) 202022.  
 
The University of Limerick is subject to the Freedom of Information Act and all research 
procedures will adhere to the provisions of Data Protection legislation. 
 
I have read and understand the Information Sheet Provided in relation to this research. 
I understand how the research will be conducted and disseminated. I know that 
participation is voluntary and that I can withdraw from the project at any stage 




Signed: ________________________________________________ Date: ________________ 
 
 
Witnessed: _____________________________________________ Date: ________________ 
 
 
Investigator: ____________________________________________ Date: ________________ 
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